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^ Disclosed are methods of using those pharmaceutical compositions to treat tumours, optionally in combination with other active 
pharmaceutical agents. 
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CRYSTALLINE FORMS OF DfiflXAA SODIUM SALT 

Cross'feference to related applications 
This application claitrts benefit under 35 U>SaG,, §119(e) ttf a U.S. Provisional Application 
5 Serial No. 60/981,929i fllecj Ocfob$rr2&, 2007, which Is iricbrporafed herein by reference in 

its.enHrety. 

Field of the Invention 

10 The present invention relates to phannaceutically stable crystalline forms of 5,6-dimethylr 
oxo-xanthene^-acetic acid (DMKAA) sodium salt, processes, for preparing those stable 
crystalline fonns, phannaceUtical compositions comprising at least one of those crystalline 
fonns in solid form or in dissolved form and a phannaceuticaliy acceptable carrier, and 
methods of using those phannaceutical comppsitions to tr$at turnours, optionally in 

15 combination with other adive ph^ntiaceutical age^^s: 



:(5,6-£3imetM^i0xo-9fe&nthene«1-yl) acetb 3Gi4^^ 



20 

was first disclosed in European Patent EP 0 278 176 as compound 34. It is an anti-tumour 
agent with a number of activities, including notably the ability to shut down blood flow in 
tumours (B.G. Siim et ai, 2000, Cancer Res. 60, 4582^588 et R. Murata et al., 2001, Int. J. 
Radial Biol. 77, 195-204), induce production of tumour necrosis factor (LM. Ching et al.. 
25 1999. Cancer Res. 59, 3304-3307 et W.R. Joseph et al., 1999, Cancer Res. 59. 633-638). 
and inhibit tumour angiogenesis (Z. Cao efa/, 2001, Cancer Res. 61, 1517-1521). 

Three 'phase I clinical trials of DMXAA as a monotherapy have recently been completed, with 
dynamic IVIRI (Magnetic Resonance Imaging) showing that it induces a significant reduction 
30 in tumour blood flow at , Well-tolerated doses. DMXAA is thus one of the first vascular 
disrupting agents (VDAs) for which activity (ineverslble Inhibition of tumour blood flow) has 
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been well documented in human tumoure. Ttiese findings are in agreement with preciinical 
studies using syngeneic murine tumours or human, tumour xeJnbgrafts, which showed that its 
antivascuiar activity produced prolonged Inhibition of ttimour blood flow leading;:to extensive 

regions of haemprrhagic necrosisi 

'5 

Howevef, despite these obser<rations,;few tumour responses were achieved in these phase 1 
trials, indicating that blW)<AA may have limited poteritfal as a monotherapy for thf treatment 

of cancer. 

10 Although not showing much promise as a monotherapy, DMXAA has also been. cdhsidereJcJ 
.for use in the treatment, of cancer in combination with another forin of therapy, sucln as 
radiotherapy, hyperthermia, or photodynamic therapy, or in combination With another 
Ghemotherapeutic. agent (see "Flavones and xanthenones as vasicular-^disrupting agents", 
BtoWfh G., etaL,;in "Vasc^lar^grieted Therapies in Oncology?, 2006, Ed. Siemani). 

IS piftmar W., Jdhh Wiley&Sdris ttd; GhiehBstef MHJ). 

To this exterlt, Varipus active agents have been disclosed for^co-administration with DMXM 
With a view to tfBating cancer. These active agents inclMde :ta;?ane?. (paclrtax^i and 
dbcetakei), platins (cisplatin and carbopiatin). cyGlophQsphamid^, Viri(^.a^^^^ 

20 vinblastine), antimetabolites (gemcitabin^. topplsoraetiai^ It Inhibitors '(etopti^lde) and 
arithracyclines (doxorubicin), tumour n^<3©^is ^taetof (naF)^ ^^^^^^^^^ dompounds and 
immunomoddlatory compounds such- ^as; ^iritr^iUiar adh^on- moteculas; (lCARfl# or 
thalidomide, hon sterbidal anti-infiamicnatcJfy drugs (NSAlDs) such as didlofenac, E6FR 
signallihg pathway ihhibitbi^. (e.g. a rndridclortal ahtibb% such as cetuximab.. or a tyrosine' 

25 kinase inhibitor sych as erlotinib or §emm and VE0F 'bmdei? (such as, b^vacizumab), 
§ee e^g. WO 02/09?P0, WO. Q3/02O^9i WO ,D3/daCl044, WQ 2Q07/0233p7 aqd 

mmmA is generally admiriistered Ititravenously fe a fpmrtufafieri caniprtslng. a 
m pharmaceutically acceptabla-salt gf :<^la8oKN" to an acjueous . solvent at a 

physiobgNlly acceptable :rH, ©tf^ai* (irfodas bf adminT^tratton, irt partictilai'- oral, rectal' 
vaginal, ophthalmie, ha^li lipcali^ttenanteil^^ have^atso beep; 

de.scribec|,:nQtably;inWQpg?J5/p^^ 



35 An 6xa^r||>la;dfa^phafftiaceutrcaliy ;at5C6ptafele'3alt is idMJO^.sQdium 
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The synthesis of DMXAA sodium salt is reported by G.W, Rewcastle et al., 1991. J. Med. 
Chem. 34, 217-222: it is a eight-step process giving in the 7* step DMXAA and in the 8 
step, as intennediate an amorphous form of DMXAA sodium salt. Although the amorphous 
material is described in G.W, Rewcastle et al. as being recrystaliised (from a mixture of 
5 methanol and ethyl acetate), our own reproduction of the preparative method indicates that 
the product obtained was. most likely a crystalline methanol solvate of DMXAA sodium salt, 
the solvate cohminind In t^ie m0n of 13-2.6% by of methanol. 

Methanol not being a physiologically acceptable solvent, a crystalline methanol solvate of 
10 DMXAA sodium salt cannot be used in a phamnaceutical composition or for preparing a 
pharmaceutical composition. Indeed, the International Conference on Harmonisation of 
Technical Requirements for Registration of Phamiaceuticals for Human Use classifies 
methanol as a class 2 sblvent that should be limited to a maximum of 30 mg/day (ICH 
guideline Q3C, 17 July 1997), and to 3000 ppm iri any pharmaceutical product. Using a 
15 crystalline methanol solvate of DMXAA sodium for preparing a. pharmaceutrcal solution 
makes it difficult to attain the required low level of methanol. 

There are various problems associated with using amorphous DMXAA sodium salt in the. 
preparation of pharmaceutical compositions of DMXAA. For exarripie.lhe amorphous lalt.is. 

20 very hygroscofJic. This not bniy makes it difficult to handle, (sticky), but ajso meaps.^^^^^ 
diffieiilt to inea§ure precifea quantitias, of the active: mofe^. Tlhis ,i9: {3ecpu#tha ^tii^dtlty 'of 
water present in different samples can vary Further, dependlha UjSbw the 

atmospheric cpndlfions1hat::itise><posed to,,the quagitjf of^water^ in s:s!ngle^nipie 
can vary considerably oyer tirm; Thi& difficulty of controlling ^ water sontsnf of *e 

25 amorphous fpfnithu&rihSkes ft dpculf to 
set dosages of DMXAA sodium -salt. 

The- invention coric^ms a cryslailirie ESMXAA sodium saW'm fhe fptm of an anhydr^t^ or a 
0^aiB, In particular, the invehton conbems aqrygWoe P,M» sb*^Wm salt in theiforiTr^ 
30 an ahhydrate; or a solyata wifliv a physiblpgically aeeeptabfe, sfblvei?t 

Sumnnaiv of thfe Itw/etttton 



35 



Disclosed hei^inVa^ cbmpo^^^^^ erysjtalfihe DMXAA sodium salt in the 

■Pbmi of ananhydrate or a solvate. 
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In Oris aspect, there is provided a crystalline OmXAA sodium salt in tlie form of an anhydrate 
or a solvate. 

in , anotiier aspect, there; is provided a phamiaceutical cb.mpQSifion containing a crystalline 
5 Bumh ^odiuin salt of the inventidft and a pharmaceUtlcatty acceptable carrier or dliuerit. 

In another aspect, there.ls pR3Vl.ded a;:pKJC6s&:6f preparing a cryslBlllne dlWCAA ?odlum salt 

of the inveritran. 

1 0 In another aspect, there is provided a method of preparing a crystalfine OMXAA sodium salt 
of ijie fnventioo. 

In yet another aspect, there is provided a method of treating cancer jn a patient in heed of 
such treatment comprising igdministeririg an eff^^^^ amdunt, of a: cirystalline DMXAA sodium. 
15 salt of the inventfon to the patient 

In another aspect, there is provided a use of the. crystalline DiVlXAA sodium salt of the 
invention for the preparation of a medicament for the treatment of cancer such as a. solid 
tumour. 

20 

In yei anothsr aspect, there is; provided a. kit of paife. compn^ihg the ciysteilih? DIVIXAA 

sodium salt of the invention, 

In each ^jf thps^ aspens, th^i atystalilne ^Ilis.^ny^ne dF mfiife#ifbr^^ 

25: B. CMn, P, G. H, I, J, K. L* mii( 

Ftritef deserifttlQii of th e drawitos 

Figure 1 shows a eharactensticX-ray powdfer difftsaction pf d^tlBiiJi^fptTn W,* 
30 Figure 2 shows a charaderistic X-ray powder^fffractionr paftem of fprrn A. 

Figure 3 ?howsa characterise )^.n?ypp^iiMfe^^^ pattern pf;fpnfi B. 

Figure 4BhdWs a chara^ri^b^s&^^ppy^er pattern of form C. 

Figure 6 shows :a (sharaeteristtfcX^rggrJpWderdiffra of form D, 

Figure 6 shovys a chai^ct^ristic X^ray pbvvder difRadion, pattern of . f^^ E. 
SS Figar€> 7 shows a characteristfe X-ray,powderdiffmct1on pattern of foirn Fi 
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Figure 8 shows a characteristic X-ray powder diffraction pattern of fbmi G. 
Figure 9 shows a characteristic X-ray powder diffraction pattern of form 
Figure 10 shoWs a characteristic X-ray powder diffraction pattern of form I. 
Figure 11. shows a characteristic X-ray powder diffraction pattern of fomt J. 
5 Figure 1,2 shows a characteristic X-ray powder cliffraction pattern of form K. The uppertrace 
shown between; 2 theta values of 10. and 40 degrees represents a. 1,0-fold magnification of 
the lowertrace. 

Figure 13 shows a Gharaqteristic X-ray powder diffraction pattern of forni t-v 
Figure i4 shows a characteristic Raman spectrum of form B. 
1 0 Figure 1 5 shows a characteristic Raman spectmm of fonn C. 
Figure 16 shows a characteristic Raman spectaim of form F. 
Figure 17 shows the Dynamic Vapour Sorption diagram of fomns B, G and E* 

Detaiied Description of ifie lnyentten 

15 

Throughout this disclosure, various publications, patents and published patent speqifip&fiohs, 
ar^ referenced by an identifying citatiott. The disclosures of these. Rublica^ions, patents and 
published patent speGificatfons ane hereby incorporated by reference into ,tie present 
disclosum to more fully describe the state of the alt tb which .this, irivention petfalns. 

20 

Thp t^tms ?c5>mprising". %eatn "tfeattnehf, "treating", ''ani eflecfive amounf, 
"ptliilQiQ^ralJy acceptable fj^^ 'W^^i ■'atnorphousfbnrf and "crystalline, W 

Ifwe rhgahlhgs that wttt b^wgll understood by iho^ istdlfed in thei^rt. Howevec fer the 
avoidance of doubt embQdimenfe of thfe presert Invehfion-lnoluae those iift which: ^^e: 
25 temismkfetheifieaniH^ldentiffedb^ 

As used in the specification and datms* the:;sjngu)ar |or0i "a,* *ari"-^nd Ih^' Include singular 
and plural references unless, ihe. context (deariy did^^^ For ixatnpl^. 

crystalline form" ihcluc^esg single; erys^til a$ yfeHias-a pimW of ciysitate, induding mMures 
30 thereof unless^othennfifee hoffed; 

A^^ um' hmm m Wrwprtslnr k mem that the compositions; and 

methods. IncMfethe tedttdd^element^; but .not exc|U(ilng;oihers^ '^?>onsist]"ig essentially of 
when usedi to define compositions and methodsv shall, . mean #x6lud|ng; cAfter^lerii^h^^^ 
35 essential signrficance mm>^ ormmM. ^Conslstihg; oT shall ;fn^h excWngf 
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mor^ than trace elements of other Ingredients for claimed compositions and substantial 
method steps.. Embodiments defined by each of these transition terms are witinin the scope 
of this invention. Accordingly, it is intended that the methods and compositions can include 
additional steps and components (comprising) or altematitfely Including steps and 
5 compositions of no significance (consisting essentially of) or alternatively, Intendiflg only the 
stated method steps or compositions (consisting of). 

All numerical designations, e.g., pH, temperature, time, concentration, and molecular weight, 
Including ranges, are approximations which are varied ( + ) or ( - ) by increments of 0.1. It is 
10 to be understood, although not always explicitly stated that all numerical designations are 
preceded by the tenn "abouf . The term "about" also includes the exact value "X" in addition 
to minor increments of "X" such as "X + 0.1" or "X - 0.1," It also Is to be understood, 
although not always explicitly stated, that the reagents described herein am merely 
exemplary and that equivalents of such are known in the airt. 

18 

The term "treating" as used herein is intended to encompass curing as well as ameliorating 
,at least one syrT?ptom,qf the condition or disease. For example, in the case of cancer or 
solid tumours, d reispdnse to treatment incluciBS a reduction in cachexia, increase in survival, 
iim?, feiongatlori ih time Id: ftjmour pFOgresslon, nedudticin m tflitiour mass, reduction in 
20 tumour burden and/or a pmlongatibn in time to tumiJur rtietastasis., timd to tumour 
rei^urrenoe, iwrnour response, complete response, partial rMporjse, stable disease, 
progressive disease, progression free survival, overall ^urViyal, each as measured by 
standards set by: the: l^ationaJ.^ancfi: InstiMte tnd the Fodd and Drag Administration 
fbrfliei^proval dl new drbg^; J^miim&^ak^i^^^ 

25 

As u$ed herein', *SQlid tuni(3uf lint^n^. ^abnoraiat mass of^ti^tte that usually, does not 
cORitain idygts or. Hcfuld anis^i Soliif tumdciiis may be .benign ;:{ttot ca^ or matlgnant- 
#8in#rdus),, DWelent typesi of solidi tumours are jTiame<si;ifp,r th0. %p^s df cells that form 
therft; Bomplfe'sof ^l(d tumodns aref.sarcomas,,.Ggircirtomas, andlywijshomsl?:* 

A •^bompfete response'' .(CR) to & fupx^t defines patient^ vm evaluable but non- 
measurable, disease, whose,*y.mpyf:aM^lM)) #vrdehc#' ofidlb^sehad disappeared. 



A "partfel respon#"' (PR) t0^a;tRgmpy, dsilhes .patfentsr, w»th anything Ns than comfitete 
response and slrfiply't^teibrizedias demonstrating partial response. 
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A ''Stable disease- (SD) indicates that the patient is fetable. 

A "progressive disease" (PD) indicates that the tumour has gfiSwn (i.e. became larger), 
spread (iiB. metastasized td another tissue or organ| or thfe overall cancer has gotten worse 
5 following treatment. For example, tumour growth of ttibre than 20, percent since the start of 
treatment typically indicates progressive disease. 

An "overall survival" (OS) intends a prolongation in, life eJfpectancy as compared to naive or 
untreated Individuals OF patients, 

10 

A "progression free survival" (PES) „or 1;ime :to tumour progression" (TTP) indicates the- 
length of time during and after treatment that the cancer or tumour^ does not grow. 
Progression-free survival includes the amount of time patients have experienced a cofripfete 
response or a partial resporise, as well as the anjount of time patients have experienced 
15 stable disease. 

The. term "an effective. amoQnf intends to indicate the amount of a cotTipound' or agent 
administered or delivered to the patient which is most iil<ely to result in the de#©d response 
to trBalment. The amount is empirically detfennined by the patient's qtlnli^l p^ramet^rst 
20 iiioiadthg, but not limited to the'stsige of disease, age, :gendef, histology, and likelihood, for 
tumoMi^rectinience. 

Theiterrn "physiologically aceeptabfe pH" refers tb a'pH at a feVel of abbut 3.5 to about 8.6. 

2S The. terms %d(vat^ or ^blvateS* of a, Ofystal^ sodlum"«alt reifef to^fie^crystallfne 

DIviJCAA sodito salt bound. So a sterehibntsMe or won^iehlom^trtCvamourtt of a solvent 
Solvates include solvates of all tomis of the' crystalitne DMXAA sodium: sa|t. Preferred 
solvents are volatile, Jion-lojcLc; ai^a/oF. acceptable 'for admJiifst^^^^ tQ, ^^tfents |H trat?© 
arnouhfs. Solvates inoiude%afen 

30 

The term "patient" refefe fe mammals and: iriclUdes humans arid- honfhiiman mammals which 
ihcliidPvbytaif 'ncrt Itrtiifed^^ ^irolan^^iJjines, rats and^lepo)fids. 

the term "amorphous form" refers to a oompotind having: wq definite erystal stwcture. or 
31 form. 
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The tenm "crystalline form" refers to a Gompound which js in a solid form arid in which the 
constituent, afomSj molecules, or ions are paelced in a r^guJariy ordered, repeating pattern' 
extending in all three spatial dirnensioris; Thephysieat proiaertfes of the various crystalline 
forms can differ due to the preseni^ of splvates of other moieeules incorporated into the 
lattice of the crystalline fprm. 

The cTvstalline DMXAA sodium satt provided herein may haSTe. the following significant 
advantage?: 

■Ease of handling, and prodesslng in the manufasAurs and preparation of 
pharmaceUtiit£ii cpiilpojsltioiii. The obtained pjar^ple size disti^^u^ons in a 
lafge. soal# crystdilisatwp^ 

Defined product :$tp}cliiQrnetiy In 't^^ of M\/^0 nrfoiecules (isivg. tteater), If 
present. This might allow for an an^puht of phartnafceutically aGtivfg 
substance to Ise morB accui^tsly rneasured /do^d. 
improved chemlcaf and/or physical stjability (e,g^ through having lower free 
. energy ihan the amorplitoas forwj bf DIMXAA sic>3iom;salt) 

Til? grys^ S^/IXAA sodiuisrt §aR bf .ttjg)' invention is essentially or subsl^ritially fiieely 
soluble in water. Thfe tefiirt lineeiy s61tfci6 frt watef^W meam that#e aqueous sohjbiB^ is 
at lesast 100 mg/niU at 22''C arJd pH 8.3. 

The; term "anhydrate*' means here a w^r and , solvent tree qrysialline forrn of DWIXAA 
sodSiJm;'sait that may contain up to g few-% of.suri^ee adsditJfd vvaterv such as less than 
iabout 3 ^ (eig, less than' about, %p^ iJ5i l iG^ OS qr 0.25%J^ SUcb' v^raiter adsorbed, pn 
the surfeqe of a given crystalline form.dites generally not affecadbe e^^ and 
the powder Jit'rr^y dfffradtiiSn galii^m eiiiehS.allyr.Qr substanH^ilty: unch^g^ with pespect to 
a Gprrpletely water^f/T^eferm,, 

DMXAA sodium salt in the form df a solvate with a physiologically accaptable solvent rnay be 
a crystalline hydrate, a crystalline solvate of an^ organic sdlverjt, pr a Gryst^llfrie mixed 
hydrate-soivate of an organic sDl}«nt, Wlijerein ^^he organic fs^fvenit is a physrabglcaHy 
acceptable solvent 

The; ;physiolpgicalIy acceptable solvent' is a Solvent .having no. .or low toxicity when 
a~dtHj|is||rBd at a sraasll dose to tljig huitiah body. Examples; (af 'physrologlpally accgptarble 
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solvents are water, class 3 solvents according to the ICH Q3C guideline mentioned above, 
which includes alcbhols such as ethanoi orisopii:opanol, .esters; and feiif-buVl methyl efhen. 
However, solvesnts with higher mplecular weights such as estets of feftyiadds, and -glycols, 
e.g. polyethylene glycol may also be acceptable. 

The physiologically acceptable solvent is, irt eettain embodiments, selected fro.m the. group 
consisting of watsr, efhanol and iso|3iiDpanol., In some embodiments,, the physiologically 

acceptable solvent is water. 

When the crysfeliine DMXAA sodium salt is an anhydrate,, it is generally prepared by a 
process comprising suspending amorphous DMXAA sodium salt or any crystalline form of 
DMXAA sodium salt in an organic soivent, stining the obtained suspension until fonnation of 
the anhydrate crystalline form is complete, filtering, and dryitig under suitable conditions, e;g. 
in dry air at ambient temperature. A crystalling DMXAA sodium salt anhydrate may also be 
prepat-ed by evaporatihg water under mild edndifibns from a crystalline DMXAA sodium salt; 
hydrate, A fijrther process to produce crystalline, anhydrate forms comprises dissolving 
DMXAA in a suitable organic solvent (e.g. at above , ambient temperature), thereafter adding 
one equivalent of sodium in water-free form, for instance in form of sodium ethanolate. This 
■step Is fotfowed by cooling the obtained mixture, seeding with the dessirisd cfystaliine formj. 
andvif necessarys stimng the obtained suspension at the final tenrjperat!4rT& until a cornptetely 
crystalline product 1$ obtained, and isplatihg ;the: obtained drystaJlinje material by flifratlbn. 
Suitable organic solvents that roay bt: njSnBd'ned m l©H Q3© solvents In which DJJiXM Is 
reasonably soluble, and DMXAA spajurti: ?all doe? riot fonn a sotvated ?fbnn. Parficaiar 
sDlVehts that may be ffienfibrted are, fprlnstihos, nfifethyliethyl kefonei JHF or eithyiiace^e.. 

In addltton to advantages deseribad, abewe,- anhydrate fqrms of -cryStalirne DMXAA sodiutn 
salt; mray hawe one or both of the follovi^hg slgjifgcant^at^vantagigs^ 

slmpfedry ing prbtbcofe oan aj^lietiv 

When the crystalling DMXA/K sodjUni -salt Is a hjftli^te; if fe:;generally prepare^ by a .prot^as 
comprfetng stirring of a sufe^ngldrt of an amidrphous ifonn. or any crystalline fofiri oCDMXAA 
sodium sail in an otQanlc solvent comigliilng water^^^^ co=%dJvent in a raliolhat Fofeulte iW a 
suitable mtet niMii^, filtering bff ft^Kofetarned.-cij^^tallin'C^^^ and drying; It undsr suitable 
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conditions. Organic solvents that may be memioned in this respect include acetone. A 
"suitable water activity" here means a water activity at which the hydrate is 
thermodynamically stable. A crystalline DMXAA sodium salt hydrate may also be prepared 
by suspending an amorphous form or any crystalline form of DMXAA sodium salt in an 
e appropriate aqueous solvent, stirring, filtering off the obtained crystalline form and drying it 
under suitable conditions. 

A further process to produce crystalline hydrate fornis comprises dissolving? Diy/IXAA in a 
suitable organic solvent (e,g. at above ambient temperature), thereafter adding one 
10 equivalent of sodium, for instance in form of an aqueous MaOH solution in a ratio and 
concentration that results into a suit^bfe vyaiier;acHyity:ln the r^W^^ solvent- waiter rrilxture 
to obMn tiie desired hydrate forrn. 

thiSi' Step IS followed tjy codling the obtained mixture, seeding with the desired crystaljifte 
15 fonn; and if necessary, stirring/tKe dtStaWied. suspension at the final temperature until a 
completely orystiaillnie-prpaut^ is otitainedi arid Js*)lating the obtained crystalline material by 
filtrafion. EScampfe of sutobie orgahfcisolvem' ih'dUde^^^ but is not limited to. ICH Q3C solvent 
in wbfcH DMXAA is reasonably or substanfially spJuble and DMXAA sodium salt does not 
PB. ^ solvaifed form. Other examples of «0{venfei m, for instanbfev methyl ethyl ketone, 
20 THF of ^yl acetate, which exhibit sufBclent mtecibjlity with wat^r. 

fe^ditrori to: adyantigps described abdye^ly^tStefd!^^^ sodium-salt 
TOy haveixjne or rripre,pf the fol(#ihg^gti|fi(?ajif:ai^Va^n^^ 

" hydrate fdrtr® dm rm hygfsoseopfc -aiKl require je^ ttidfstuce, proteptfon 
measurers;; 

large scale; pixxsesses to/produce byd.rate fonns ^hat are esseritiaily fre^ of 
undesired organic solvents are tnoftl fftajghtfislnysMt-d. to develop and 

3° - h5ghsbb!l%4oder,pfi«Jp^c^^^^ at40^C^S%.r,h.). 

VVhen the crystalline DMX^:^odium^ 

solvent, it is generally prepared hy a pr^tess-aeempnsing. suspending a.rt anroipttdas fomt or 
any Grysfailine forhi of ©MJ^AA^sodiam saltfe a ^phy^iolpgially #36pfa^^ solvent; 
35 stirring, filtering .off the obyned crystallinelprm; and diyiha it .drIdersUitable ConditioHgv The 
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ethanol solvate can also be produced by dissolving DMXAA in ethanol above ambient 
temperature, (e.g. at about 65°C), adding one equivalent of sodium jn the form of sodium 
■ethanolate, cooling the obtained mixture to 20fC and then isolating, the resulting, DMXAA 
sodlym salt ethanol solvate by filtration.. 

5 

VVheh the crystalline DMXAA. sodium salt is a mixed hydrate-soivate of a jDhysiolo^ically 
a0peptabl6 organic solvent, it is generally prepared by a process comprising, dissolving ah 
amorphous form or any crystalline form of DMXAA sodium salt .in water, adding a 
physiologically acceptablfe organic solvent, stirring', filtering off the. obtaiheci, qrsffetaliine form 
1 0 and drying it under suitable conditions. 

Th.©: crystalline DMXAA sodium salt of the invention can be used in medical therapy, in 
iparficuiar for treating malignancy of any type including, for example, cancer of the lung, 
breast, testes, prostate, gu^ iri,eluding <?olon, ovary, sldn, iddney, pancreas, and lymphatic 
15 organs, cervix, liver, brain and leuJ^tfemias: 

This invention cpricerns a pharmaGeutical conrtpdsition comprlsingv 
(a) as active ingmdient, a crystalline DMXAA sodium s# Ip the fom? oS an anhydrate or 
a solvate; and 

20 (b) a phamnaceutioally acceptabie earner or diluerrt. 
the inverition thus also concerns a phamiageutel POT 

(a) as astive ingracfleni. s^cry^fiMfeBMX^s^^ of an anhydrate or 
a sdlvafe with .k physlologft^lly acc#^l)i6 solvent; and 

(b) a.pharjnaceuti'Gally afcisei^t^bje cafrifet dir diluent 

26 

m \m pharrnacemical dompd&itiorv, ths crystalline DMXAA sodium salt is present either in 
solid m ir\ partlpuiar |ri formCiiafions: for oral adminlsttaeon such as fabfets, pills or 
capsutes, or dissolvea in an .ac|U0ous solvent at a pMPldgi^UV ^^^^^ |3H. e.g. in 
fennulatlons for Intravenous iniec^lon. 

SO 

Pharwap^ical compositions cgnfeinihC^'^Gtiymsubstancs the ci^stalline DMXAA sodium 
salt In solid fomi may have notably one or both of the foliowing Significant aclvantages (over 
pharfTiaceutica! compositions cbnt^ihihg an atnorpbous form o^tSlVIXAA sodiara salt,in;Sdid 
spte)i 
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greater stability (as a crystalline DMXAA sodium salt Is more stable (tian 
DMXM sodium salt in an amorphous fomi); and/or 
gnsater unifomiity in dosage levels (as the amount of active substance can 
be dosed with a much better reliability domparerf, to an amorphous form of 
DMXAA sodium salt, which is sticky anicl'has a water cohtehtfhit is 
to coiltrol / accurately quantify)! 

Phamlaceuiica! compositions containing as; active substance dissolved crystalline DMXAA 

sodiuhi salt may have one or both of the significant advantages; 

compared to compositions prepared from amorphous DMXM sodium salk 
greater unifoirnity in dosage teV^Is (for riluch ttie same reasoTis as discussed 
above); and/or 

compared to compositions prepared irotn the methanol solvate of DMXAA 
sodium salt, elimination from the final composition of a. solvent (methanol) that 
is not physiologicaily apceptabte. 

In some embodiments, there is. provided a method of prepah'fig a pharmaceutical 
eompositfon containing as active ingredient a crystalline IJMXM;. $ocjiUrti 'salt- in form of an 
ahhydrate er a solvate, comprising, nriixing the .crystial|ln,e DN«P?^:SQ<3|Um S^^^^^^ aquequs 
splutipn having a physiologically acceptable pH., 

A phantraeetjtical con?posftipo> conf^lning as active substance a dissolved caysfeallirte 
OM)Si?k^ sodiuro .saljf may b^ prefsared by dissolving ferystaHine tiWO^. spcfiurn sa^t, 
geiRtrally ip povifder foiTri, iti ati aqaeous golvenl having a phy^jbtogirally acGeptabfe pH,;e<g, 
a OOIM tris (trisfHyaJipx/methyOamiriomefl^ 'btJtfler soliftloih, ^ih&m the t>H has been 
acliii^ed fd 7;8-8i»e by^addttlow of an: acid suoh as,.;hydra<sbloj(p jacld Of any otfier suitable 
acid knowp in the art stidih as sulphuric acid. 

The pharmaceutical camposjttQns my be tisecJ fdir Jt%at{ng;. c^n^r or solid, tumour?;, in 
combination vtfiih s^notiier forro of therapy, .such, as- i^kdietiiefapyj Hypettberrrtla, or 
photodynamic thejapy^ pr sifnoj^iieotis ,6ic sefc(tiefitlal admlnisfrsttibh of one pr more further 
phanjiaceLrficailfy ac^i^^e apmi^^i pgi $ .eompound acting,; in syixergy wjfi Ip. 
treafliig, the tumour). Jtpi^ flim&t^j^sim conipQMncl. miay;,, for eicampJe,' be 

setectfey from mom'' of te^ones ,Cs.g[. .p3cl8taxe),..ahd 4oi^a6(e;!),,:plati0^ .(e,g, cisplafln- 
and caifedpfetki)i Gyclpphospharrilde, yingsc alkaloids (eg; vincristine, vinblastine), 
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antimetaboiites ' (e.g. gemcitabine), 'topoisomemise II inhibitons (e.g. etoposide) and 
anthraoyclines (fe.g. doxorubipin), tumour necrosis factor (TNF) stimulating compounds and 
immunomodulatory comjsounds such as intracellular adhesion roolecLiles (ICAMs) or 
thalidomide, non sterotdai anti-lhflammatory dmgs (NSAIDs) such as diclofenaCi EGFR 
signalling pathway inhibitors (e.g. a monoclonal antibody such as cetuximab, or a. tyrosine' 
kinase inhibitor such as eriotinlb or gefitlnib) and VEGF binders (siich as bevacrzumab). 

In particular, the pharmaceutical compositions may be used for treating cancer or a solid 
tumour (e.g. non-small cell lung cancer (NSCLC), ovarian cancer or prostate cancer) in 
combination with the sequential administration of a taxane (e.g. paclitaxel or docetaxel) 
and/or a platln (e.g. carboptatin), SpeGHtcally, the pharmaceutiGal compo^iilons rpay tf^ 

used for 

(a) treating ovarian cancer or, particularly, NSCLC in cornWnatlOTit Vwlth fine' ssquenttat • 

administration of paclitaxel and carboplatin;, or 

(b) treating prostate cancer (e.g. in patients having a metastatic hormone refractory 
prostate cancer) in combination With the sequential administration of docetaxel 

Thus, accdrding to further aspects of the invention, ttiere are provided the following, 

(A) A crystalline DMXAA sodium salt In the; forth of an arihyiSmte or a solvate with a 

(B) A ct^siallihe DMXAA sodlMifi. .Salt Itt tfie iom of w .anhydrate pt. a. sqlvate wlfli a 
phy«!plogiGaliy acpeptablfe siolvefilfor use fn tfiB trealraertti iif p90#r"^such as a sojjcl 
ttimoqr Cfeg,.Otfanah c^ricer, prosiatie cancer or, particMta((!ly, NSCLC)* 

(C) The use of a crystalline DMXM sodium salt in the^rrn bf aW anhydrate or a, solvate 
with a physiblbgically ae^table.jsdjve^^^ pr6jjatatlohvoia:medicamerit for:ai4 
tresitfrient of csinoermf^ m ^^^i^^ dorian caneer, pit^te caticef on, 
psirttQUteirty, NSCLC)-. 

(D) A m'ethtid (Sf §eatfng>(»n^f 'iiid^^^ ,(0iS|.. oyadein cancer, prosiats 
cancer or, partiioulariy,,.NS©L:(i)- in a; paitM'in ne^d' bf such treatmerit, the method 
corrtprislng adrnihistration of,an#|ecfiye;a^^ cfyslaililhe EJMXAA.sodjymssift 
itt the fomn of ah anhydrate, or a sdlyate; 
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(E) A method of treating cancer (e.g. ovarian caricer, .prostate cancer or, particularly, 
NSCLC) in a patient in need of such, treatnient, said method comprising 
administration of an effective amount of a crystalline DMXM sodium salt in the fonri 
of an anhydrate or a solvate with a physioibgically acceptable solvent. 

In relation to (B) above, the use may be'in combination with the simultaneous or sequential 
administration of a further pharmaceutically active compound selected from one or more of 
taxanes (e.g. paclitaxe! and docetaxel), platins (e.g. cisplatin and carboplatin), 
cyclophosphamide, vinca alkaloids (e.g. vincristine, vinblastine), antimetabolites (e.g. 
gemcitabine), topoisomerase II inhibitors (e.g. etoposide) and anthracyclines (e.g. 
doxonJbicin), tumour necrosis factor (TNF) stimulating compounds and immunomodulatory 
compounds such as intracellular adhesion molecules (ICAMs) or thalidomide, non steroidal 
anti-inflammatory drugs (NSAIDs) such as diclofenac, EGFR signalling pathway inhibitors 
(e.g. a monoclonal antibody such as cetuximab, or a tyrosine kinase inhibitor such as 
erlotinib or gefitinib) and VE6f binders (such as: bevacfeumab); 

Similarly, the medicament mentioned in (C) above may be for simultaneous or sequential 
administration of such a further phamnaceutically active compound. Further, the method of 
(D) above may additionally comprise the siiTiuitaneous or sequentia! administration ^^f such a 
further pharniaceutically active compound. 

As m^intbned above,, partiGMiarcwro^^ 

dance-rs sudhas soiy famoufS; "Tlitte, to fepfinpGtion#f|ii:# the;iis(g inay .^>ej; 

(I) for the treatrneir*' (rf.oVariari (^ffeer; (*^^v.plaiinuiTh5©hs5tt¥e*.mwn-ent 

OP, , >partf<^Ufe/^y, NS??tCi in cbliibtrtatidn' -wKft the sequential sKlmiri^f^ d^ 
paclitaxeland cdrBoplg^tift; or 

(II) for the trfeaftnsnt of prostate cancer (e.g* iln. patients' hayibg a mietastatb IseTmone 
reflectory pmstatie cancer), In cqmbinatiprii wfth ttfe seqijentlal adminlstraition of 

In relation tdi (1) above, tlie erystgilline DM?C^:,s6diaW^^^^^ Ih the form df an anhydrate of a 
solvaite wtea physidte^icafly ipdeptablS ^Iveht Waytefer usg^to f\§ treatrnent of NSpLG: 
h cpmblnaJterj? wtlfh :thi :0quptia! adtriihfetfaftdft mf ipadta?^!; and c^rtiOplafin,. WijSmin 
each ofith^seihcee-aGfiye agfhtsls idW^^ by iBtravendu^ iiCijee^on. 
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In some embodiments, there is provided a method of treating npn-small ceil lung cancer in a 
patient m need of such treatrnent, ttie me^qd cqmpri^lng adhliniistering to the patient an 
effective amount of a crystalline DMXM sodium salt In forin of an aniiydrate or a solvate, in 
combination Witti the sequential administration of paclitaxel and carboplatin. 

In this embodiment the paclitaxel may be administered over a period of 2 to 6 hours (e.g. 
2.5 to 3.5 hours, such as about 3 hours). Further, carboplatin may be administered over a 
period of 20 to 60 minutes, such as 25 to 35 minutes (e.g. about 30 minutes). Also, an 
aqueous solution of the crystalline DMXAA sodium salt in the form of an anhydrate or a 
solvate with a physiologically acceptable solvent may be administered over a period of 10 to 
45 mInuiiBs, such as tato.^O miPiutes (e;g/ about20 rhi^^ 

(n certain embodiments, the active agents are administered in the sequential order: 
paclitaxel, carboplatin and then DMXAA sodium salt. For 6)<;aniplej. the active agents may 
be administered via the same Intravenous line, with the line being' wa^ed' for a. few nifnutes, 
(e.g. fnarn 2 to 5 minutes) between different agents. 

The, quanfitles of active agents administered may be as follows: 
from 150 to 200 mg/kg (e.g. 165 mg/kg) paclitaxel; 
f rbm AUG 5 to AUG 7 (e.g. AUG 6) carboplatin; 

from 500 to SOOO mg/m* (e.g. frorri '800 to 3500 or 2200 mg/m ^ such as 
from iOOO to 200Onig/riff or fiprn.12p0 to ISQO jfig/m^ (for exampleii 1200 

isa^tt dti %pati^^^^^ preretjsfetinQ renal fundibn or renal function and tfe^jra^ijplat^let nadln 
R^al esKcretldij q|tt. ^^ ihe majir route of ellrninatlen for earboplajUn vi<hi6h Js adminis^i^ 
v/af iijfectrph. The um of dresing formyjae.^ as icprnpsred to ©rhplricsil dosie caloulatipn 
ibaised oii body surface^a^^, isan diaw oompensatfon for parent x^rfaftprjs fii pretreafrftent 
rfertal function that mn Gthierwlae result In either underdbsih^ (in paii|nts with ^faove 
average renal functlori) or oyeidpsing. (in paitients wfth.impai^^ renal function^; 

A simple ifdrrnula Galculatlng ^pss^^, IjsfSed upon a pattenfeiglomeFular ftljtratton rate 
(GFFl In mt/rnjn) and dafbojSlatih foT^^ target area undesr thei concitttr?ition,yerstis 
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time curve (AUG in mg/rnL.mb)i has been' proposed by Calvert. GPR can be measui^d by 

^^Cr-EDTA clearance. 

Calvert Formula for carbofilatin dosing: Total Dose (mg); - (target AUG) x (GFR + 25) 

With the Calvert formula, the total dose of carbopliaan Injedion ,is calculated in trig, not 
mgftnK 

in nslation to (li) above, the crystalline DMXAA sodium salt in tiie fonn of an anhydrate or a 
solvate with a physiologically acceptable solvent may be for use in the treatment of prostate 
cancer in combination with the sequential administration of docetaxel, wherfeln eaph active 
agent is administered by intravenous injection. 

In some embodiments, there js provided a method of treating metastatic hormone refractory 
prostate cancer in a patient in need of such treatment, the method comprising administering 
to the. patient an effective amount of a crystalline DMXAA sodium salt in fonn of an 
anhydrite or a solvate, fn cbiinblnatipn With sequential adtriirn^ttittldii^qfdoc^^ 

In this embodimeht the dofeetSBtel may; fee administered pvMr a pieriod of 10 minutes to 5 
botjrt (e,g. 30 iiiihut^ to 2 or 3'hotflrs, 8W$*i as 1 :fiouf), A'sb,^ an aqueous solufion of the 
crystallirie DMXAA sodiurrrsalt in the fptm of an.ahhydrate or sQlvate Mh a physiologically 
abcefjt^e solvent, may be acjipjnistetied dver a peHod of 10 to 4S minutes, such as 15 to 30 
mlhutes (e.g..about SO'nilnu^)' 

In qei^k ^m|«3^MW, ;*fe ;acft1v^ agents are alnlirtisfensd: JO the $Nueo6'al otden 
d6c^taj<^l foltoweid fay DpCA/V sodiiiw; Mt For example, fte, active slgente rn&v bfe 
jc^miWistered ^fa tha .sainf ■ inttevenous, feej .Wlth,ithe lihe bsinig vifa^hed fdc a few ni&iiAes 
■(e,gv MitlJi tti rjijiriutes) between .the-tw^^ m^ri^. 

Thfe quantities of active agents; admiriisteted rnay be asifqllows;. 

from 25 to 200 ,it»g/ni? (^,g, ft^^^^ 1QD of 126 mg/hi^, such as 60 or 75 

nng/nfi^) dodetax^j 

from SOD tp; mQ^^m^M ^^iQi itom SOD fo 35pQ:.,pf- 2200 tngm^ sph as: 
W;1QiQQm 2lO0; mg/m^ oirfnom ^W;:^ mg/m^ -Cfor ©ompte, liQCi 
rng/m^i0ri8@0-flfig/m'^; Cjm)^; 
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Embodiments of the invention that mgy be mentioned iineiude equivalent specific 
-.emispdiments (i.e. equivalents of (I); (II), and the suMmbodiments (I) above) of the use of 
(C) above and the, method of (D) abbV^. 

5 The invention further folates to a kit fbrperforming the. method o^^^^^^^^ namely a kit-of- 
parts comprisihg: 

(a) a formulation containing a crystalline DMXAA sodium s^lt.in the form of an anhydride 
or a solvate with a physiologically acceptable solvent; 

(b) bne or more separate formulations comprising one or more further pharmaceutlcally 
•10 active compounds selected from taxanes (e.g. paditaxel and docetaxel), platins (feg. 

cisplatin and^ carboplatin), cyclophosphamide, vinca alkaloids (e.g. vincnstinei 
vinblastine),, antimetabolites .(e.g. gemcifabine), topoisomerase II inhibitors (e.g.. 
etoposide) and anthracyclines (e.g. doxorubicin), tumour inecrosla- factor (TNF) 
stimulating compounds and imrnunomodulatory -compounds such as IntraceHular 

15 adhesion^ molecules (ICAMs) or thalidomide, non steroidal anti-inflammatory drugs 

(NSAIDs) sijeh as diclofenac, EGFR signalling pathway Inhibitors (e.g. a monoclonal 
antibody such as cetuximab, or a tyrosine kinase, inhibitor such as ertotinlb or 
gef!0nlb) and VEGF binders (such as beyadzumalJ); and 
(0) instructions for use of the forrauiatN containfiig BiyiXM:tog^Nr¥^^^^ said ■:one„dr 

20 more separate fonmilations, 

In some .embodiments, ther# is provided kit-ofi?arts comprising: 
(g) a formu!atibn:,6ontairiinra ^ry^tallifte DIVIXAA sodium: salt in fbrm of an.ant^ydrate or 
asdlv^tej 

25 (b) one or rn;o^# seMmte fdtmuldfions eomprising, one or more fUrtlier pliaTroaceutlcaliy 
afetive cdmpouhds seiedfisd.ffom 1b(ane$, piatins.,:c^^^^ 

antimetabolites, topoisomerass^ It: ihhililitQrs* r^nthi^^ JiqpjOHr ;necn3sis^^t^^ 
(TfsIR) stimulatihg compounds. irnm,unQ0io^iul?t6rir cdnipoyncls^* m steroidal anft- 
Wiammatory drug^ m^^^ ^g^Bm Pm^^ inhifaifofs arid ^©31= 
$6 binders; and 

(c) in^trti.etiohs.1of use of the forrnulatlon containing DMXAA together with said one or 
more separate, fomiulalibns,: 
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In some embodiments, there is provided a pharmaceutical formulation comprising, or 
alternatively consisting essentially of, or yet further consisting of a crystalline DMXAA 
SQdium salt in form of an anhydrate ora solvate; and 

one or; more further fDharmaceutidally active compounds selected from taxanes, platins, 
5 cyclophosphamide, vinca alkaloids, antimetabolites, topoisomerase II inhibitors, 
anthracyclines, tumour necrosis factor |rNFj ' stimulating compounds, immunompdulatory 
compounds, non steroidal antt-inflammatoof drugs (NSAIDs),. :EGFR signalling pathway 
inhibitors and VEGF binders. 

10 Alternatively, there is provided a pharmaceutical formulation comprising^ or alternatively 
consisting esseritially . of, or yet further consisting of, a crystalline DMXAA sodium salt in the 
•form df an anhydratB or a solwate with a physiologically acceptable solvent and one or mare 
further pharmaQeutiQallygcHvecompow^^ 

16 Embodiments of the above-defined kit that may be mentioned include fhpse in vyhicH 
fomiulation (a) above (i.e. that containing DMXAA) is a fonnulation that is adapted for 
intravenous injection (e.g. an aqueous solution). Alternatively, and in a separate 
embodiment, formulation (a) may cont^iiri the crystalline DMXAA spdlum salt In solldfpnn, 

10 In a particular embodiment of the invention, the one moire separate farniurafTPrife 
mentioned at (b) abdwe may be a fbnnulation. cpntalhing pajpl^ej. and, separately^ a 
formulatrdn containing carboplatln., Ea* of tbesp fbrmaiHti^rls may, in particular 
en^bQditnent?, be a fonnulatidn adaptetJ for iritr&venous injesjtidn. 

25 In another particular embodiment;: the drie. or more separate. formulaepns is a fdnnulgtipn 
(e.g. a fontiulatidn adapted for intfavfe0dus1njpGtion):;eontalning4^^^ 

A particular Embodiments df a cpfalline mm^ # DW)^ sQmfn. siaJt secdtpfia p. 1?e 
invention is^a bydrateicdfrtaining at)Pttt2C3^2l£M«ater#djffi!c^^^ 
30 powder difbotiofipatiem wljh charactedstitypeateeKprejsgf ;(A): 
10.2 (s)s %3 (m). 3,54 (vs), and 3;1j9 (ys), 
hereinafter designat€Kil $& form B; 

In certain eiTjbodlmemsi form S exhib^ 
35 c^racteristic peafe exptessediih. d^mliies f^f} 
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111 (w), 10=2 (S), 9it,(m).7,0 (mJ..6,5 (m),6.57-M, 3.62 (s), 3.54.^^ aid 3.19 

(vs). 

In more particular embodiments, form B exhibits a characteristiG X-ray powder > diffraction 
•5 pattern with, characteristiG'peaks expressed in d-values (A): 

11.1 (w), 10.2 (s), 9:3 (m), 7.0 (m), 6.5 (m), 5.57 (m). &41 (w). 5,21 (m), 5.04 (W), 4.67 (w), 
4.S3 (m), 4.29 (W), 4.25 (w), 412 (w). 4.05 (vw), 3.75 (m). 3.69 (w).. 3;62 .(s), 3.54 ;(v?), 3.38 
(rn), 3.24 (m), 3.19 (vs), and 3.16 (m). 

10 Here and in the following the abbreviations in brackets mean; (vvs) = very veiy strong 
intensity; (vs) = very strong intensity; (g) = strong intensity^ (m).= nfiedium intensity; 
(w) = weak intensity and (vw) = Very Weak intensity. 

fn yet further emijodiment?, form B exhibits:^ characteristic X.ray powder diffraction pattern 
15 esseritially as e)<hlblted;ln.Flgure^ 3 wfierj pb^er J^^ray drffracllbn is carried '.GUt' using .Gm K« 
radiation. 

in yet further embodiments, form B exhibits a characteristic. Raman spectmni BSsentially- as 
exhibited in Figure 14, with the most prominent p^i<& at 1633, 1617. 1.594; 1375. 1342, 

20 1228^ 1069, 570, 98, and 64 cm"\ 

TThe-aqUe&us solubility ofform B ls:at lbast3Q0 mg/mL at 22?e:at,^H S:3i 

iPMXM sodium salt form B is prepared by a process comprising stitririg a siispension ,df an. 
25 amorphous form or any crystalline form of PMXAA sodium ^It in an oiigfariic. solvent 
containing wafer as a co-sblveht in a ratio that results in^a iWateradlvity of about O.B to 0;95:, 
such as from 0.7 to 0.9, filtering off the obtained crystalline form and: drying it, under 

(Tioderate conditions, such las under a. reiai^^^^^ 

30 Surprisingly, it has be6n;found that ,fo.rm !&,.exhit?its,pliysical Mabijlty under a. lip relative 
humidity. A hlgfi^relatiye temldiity is here dfefined as a ml^Sie humidity bf about 70 to 90%. 
Tbsts: canled iQut at 4q?t lim slncjwf^tia^ is. cheftiically ^tid' physii^lly srbPfmm 
under such condifidna Insparticuiap, tjie ^atar cqritent can be.melii bontrdikd and remains 
eionstant over time.. T:herefbre, form B can be prdduced in a well controlled .manner from 

35 water solvent mixtures .with a wateradtivity of about 0.7 to:0;9. 
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When kept rn a tight container, form B shows chemical/physical stability (no change 
observed after 36 months storage .at,,ambferitfernperatt/rs in a tight RE pacl<;agfng). 

Another particular embodiment of a crystalBne Wnm of DMXAA sodiurri salt according to the 
s invention is a hydrate containing about iS^Qf/d water and, exhibiting a Gharacteristic X-raj? 
powder diffraction pattern with charataerfsiiGipeate expn^s®il in df-valo^. (A): 
10.2 (VS),;8.7 (s), 5:60 (s), and 337 iif$) 
■hereini^fter designated as forni C. 

1 0 in certain embodiments, forrn C e><:hibits a characteristic X-ray powder diffraction pattern with 
eharacteristic peal^s. expressed in d-yalues (A); 

1 1 ,2 (m), 1 D.2 (vs). 9.0 (w). 8.7 j[s)i 5.60. (S), , 3>67 (ys), 3.54 (rn)i 3f49 (VS), 3.40 (s), 3,32 (s), 
andS.26(vs)t 

15 In particular embojijrnents, fdrrti C exhibits a chamcteristifrX-rsyviPowder dijftactfoh^ pattern 
with charadtei'istid peak^ expressed in d-values (A): 

ii.2 (m), 1Q.2 (VS). g;0 (w), ,8.7 (s),; 6.9: (w); 6.7 (s), 6.5 (w), 6.4 (vw), 5>60 (s), SS2 (m)r5,16 
(m), 4.@7 (m), 4M (m)» 4^36 (vv), 4.25 (w), 4.0^ (W); 3.67 (vs), 3.§4 (ftt), 3.49 (vs), 3;40 (s), 
3.32 (s), 3.26 (VS), 3:20 {m)i 3;09 (m), 3.03 (m% 2-80; (m), and 2;i63 ^m). 

20 

In yet farther embodiments^ fomi e extiibits a i^ampfceflstid X"-yay powder, diffraction pattern 
essentially as exhibited, In Figure 4' WKen,poywi^^ is canfied.out.using Cu Kb 

radlatlori. 

25 Iti yet farther emjsQdlfneni^, fonh .p ^^jdiibits a'<;f|s^cfgnstfe:fl^mat3 $p^dfmw essenlj^tly as 
exhtbiteclln Figure 15, witii 1%^ mo|t prbrtiirierit^a^^^ 1006; 34$, 

and 91 cm"\ 

The aqlieous solutiafty dffbrm^^^^^^^^ 

30 

iDWXAA Mi<Jmi salt form C by a.p(x)00^^,Gt^ijip^ a suspension of gn; 

aitioiphous fbfln orany cry^tajiliif6 fs^#-:DlV!)|Mcr^ a 
solvent selected;.' frc>rp fta.' grou^ coftj^psii?^; amm^,. .ethyl aefetatei tetrahydirofuran arid 
binary or temaiy rrtlxturgs th^iepf eplitihihg^ a tatid that results fn;a 

35 vvtater aciiyiiy. of a^but 0^2 to t:7, such as f rotn to' 0;@i, fllterltjg off thei dbtalned cfyg^lirrie 
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form and drying if under modersife conditions, suqIi as under a relative humidity of about 

50%. 

Surprisingly, it has been found tfiat form G exiiibits a physical stability under an intentiediate 
relative humidi^. An intentiediate i^eiative humidity is here defined as a relative humidity of 
about 20 to 60%. In particular, the water content can: be well controlled and remains 
constant over time when DMXAA sodium salt is exposed to such humicilty conditions. 
Therefore, forrn C can be produced In a well coritrQlled mao.nej' froiTi water, sblye^^ mixtures 
with a Vii-afeF adlwV of about 0;2. to: 0,6. 

Whefi kept in a tight container, form C shows chemical/physical stability (no change 
observed after 36 months storage at ambient temperature in a tight PE packaging).. 

It -should be noted that forms B and C might be regarded, as isomorphic hydrates both 
9xhiWtiiig essentially the same cri^tal lattice with small changes 6fjth& crystal parameteF?.. 

AhOthfr ennbodiment of a crystalline form of DMXAA'sodjura salt according to the invention 
is p ' hydrate eoritainlng about 23-30 % Water and exhibiting a characteristic X-i?y powder 
diffraction pattern with characteristic peaks expressed ih d-valCigis (A): 
12.6 (s),, 11.7 (vs), 8.1 (m),;e.3 {m),.5.94 (m), 5.64 (m)„ and 3^37 (s) 
heiBinafter des^nated asform D. 

In dsAiin 9iTi|«idjments»fprTn. D^^^^^^^ 

3.87 Cw), 3.62 ^w), %72 ^. 3,57^> a2«t;H3<ffc9 ^,Mi (S^,artd2J9^(fti). 

In partTcUlar erribodrrnertts, fonri D ;e)diibit.s at a vvaveleisgth^of 1,540.66 A a cSiaractenstic 
Xrrayrpbvi/der tdHfradtfon pattern essenfislly as exhibltedyn f (Sure 5. 

DMXAA sodiwro ssilt fbrrn D carii tie .prepai^d :by -^gpsii^Bhatn^'^ of dM)(AA sodiwm, 

saltfonris i^Qdi(5!l^r^lf^!^eiiif^r^f<^ 
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Another embodiment of a crystalline form of DMXAA sodium salt according to the invention 
is a hydrate containing about 7-9 % water and exhibiting a characteristic X-ray powder 
diffraction pattern with characteristic peai<s expressed in d-vaiues (A): 
16,2 (vs), 13.2 (s), 11.1(s), 8.6 (vs). 8.1 ;(s). 6.5 (vs), and ), 5.43 <s), 
hereinafter "d^ignatedasfofm H. 

In certain embodiments, form H exhibits a characteristic Xn^y powder (fiffrac^on, pattern with 

characteristic peaks expressed in d-values (A): 

16.2 (vs), 14.5 (w), 13.2 (s). 11.1 (s), 9.6 (vs), 8.1 (s). 7,4 (w), 6.6 (s), 6.5 (vs), 6.1 (w), 5.83 
(m), 5.43 (s), 4.81 (m), 4.41 ,(m). 4,29 (w), 3.63 (m), 3.58 (m), 3.45 (m), 3.31 (m), 3.03 (m), 
2.77 M and 2.69 (W). 

In partictiiar embodiments, fomn H exhibits a characteristic X-ray powder diffraction pattern 
essentially as exhibited in Figure 9 when powder X-ray diffraction is carried out using Cu Ka 
radiation. 

UMXfiJK sodium salt form H can be prepared by suspending DMXAA sodium salt form C in. 
elhanol and recovering tlie solid by filtjatio% or suspending DMXAA in acetone, adding a 
sQdiim h)pimMi ssAW&pn^ jstirriri^ and i^Vferiiig the solid by filtiation. 

A<ldth# erriBodlftient of a crystelllne fonti of DMMA sodium saJt acc^ 

isv;a,:fiyaFat^ containing about 7-9 % water and exhibiting a chanaoteristic X-ray powder 

diffraction pattern with eharacteristic peaks; expressed in drVSliues CA): 

mS^^ \q% 5.88 (m), ,3.64 (s), 3v59:(s)i 3,26:M.5^«1 3:22 

hfereinfafter designated as ^3rn[j ,t 

Inioerlain emljodimsrife, form I exhibftsiai dharacti&ristfc Jferay powder :di)fracHon;pat£#tt^^ 
Ghanacteri^id; j3eaks.\d?<pfessed Iri dss:al.UfeS: 

14,0 (VS). 1.11 (Si). 9,7\(vs), 8,9 (w), 7.a.^),.e.9?i(m),;6.5(vv); 6;2 <m)j e:i m sM im 5.80 

(rh)( 5.63 (w). 5.16 (m), 6.02 :(w), 4.31 (m), 3J2 (m), 3:^4; (s), :3;59 (s), 3fv54 (m), 3,46 (m), 
3.41 "(m), .3,26 (sj, 8.22 (fe), 3.02 {mj. arjd 2.9>l (hi). 

Inpaif pu(ar :f imt^odimesnt^. fb^ni I achSfr^ot^^stiic'^^'rray powdfer diffraotlon pattern #sehtli|l!i? 
as BxhibitediJn.Wgute'lQ w.h!Bn:po\W 
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DMXAA sodium salt form I can be. prfepared by suspending DMXM sodium satt fonn B iii 

eiiianol and recxjvering the solid by fi'itraffon. 

Anotlier particular embodiment of a crystalline fomri of DlWIXAA sodium salt according to the 
5 invention is an anhydrate exhibiting a characteristic X-ray poWdbr diffraitstlon pattem wi'th 
characteristicpeaks expressed in d-values (A); 
9.7 (m)i 9iO (m), and (vs) 
hereinafter designated as fonn F. 

10 In certain embodiments, form F exhibits a. characteristic X-ray powder diffraction pattern with 
characteristic peaks expressed in d-values. (A): 
11,1 (m), 9:7 (m), 9.0 (m), 5;56 (m), 3.93 (m), and 3.48 (vs). 

In particular embodiments, fonri F exhibits a characteristic X-ray poWder .dfffradion pattem 
IS with characteristic peaks expressed in d-values (A): 

11.7 (m), 9.7 (m), 9.0 (in), 8.5 (vw), 7.1 (w). (w), 6,5 (vw), 6:0 (Vw), 5.86 (w), 5.56 (m), 
5.37 (vw). 5.07 (m). 4.76 ^ 4.45 (w). 3.&3 (m). ,3.72 (W). 348 (nrl). 3.48 (vs). 3.20 (w). 2.95 

(m), and 2.91, (m). 

20 In yetfurther embodlmehts. forrn F es^jps^^tt a^wfeivelength of 1.54060 A a GharacferisiicX- 
ray powdsr diffractioh pattern ejsseirtlajly as exhifalted in Figure.'?* 

in yet fiitthef ifnkJodiments; fotm F exhlbitsca eharacte!iistic Ra.nfian sp,ectriJm essentially as 
In Figure t6, with most pi^winenfc peaks at^ im 1^7. 1598*1338, t226. 

25 1 1068, ;S72i ^,^and 85 .cnrr^. 

The aqueous solubllifero^ferm i=^m^J^gt 3O0' mg/^^ 8^. 

Form F is tine Stable aoRydrate; ikfid^ of DMXAA sodium salt , Phase. eqUtlibmtlbn 
30 experiments show i^ ps«*icuiar that FdhT» :F is more stable than, bepeaft^^ or 
form L. 

Form FIs hygroscopic under staridar^i fe&pratbfy ^^^ 

humidity over 7#% or^f watersctls^It**^^ ^"^^ B orfbmi C. 
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When kBpt in a tight container, fonti F shoWs chemiGaf/physica! stability (no change 
observed after 36 months storage at ambient temperatUreMn a light PE packaging). 

DiVIXAA sodiurn salt form F can be prepared by a process comprising suspending an 
5 amorphous or any crystalline form of DIVIXAA sodium salt in an essentially water-free 
organic Solvent (e.g. a solvent selected from the -group comprising 2-butanone and 
isopropanol) and stirring obtained suspension tintil fdrmafiori, of form F Is complete, filtering 
and drying In dry air at, ambient temperature. 

10 Another embodiment of a crystalline forni of DMXAA sodium salt according to the Invention 
is an anhydrate exhibiting a charapteristic X-ray powder drffracstton pattern' w|th c,haractensti.c 
peaks expressed in d-vaiqes (A): 
17.4 (vs), 14.1 (m), 8.9 (vs), 8.7 (vs), and 5.76 (s)' 
hereinafter designated as form B. 

15 

In oertain embodiments, form E exhlbits a characteristic X-ray powder diffraction pattern with 

characteristic peaks, expressed in d-vatues, (A); 

17^ (VS), 14.1 (TO), lis (m), 10.4 (m), 8;9 (VSX 8 J (Vs)^ Q.5 (s). p), 6.76 (s). 

and 3:49 (m, broad). 

20 

In partteular ©m&o^firifeii^t f^tm B exhibits a chara^feHsttc X-^ray powder dWradm pattern 
essentially as^xhibitecJ'inF^Uire. a powderX-ray dflftactfon fS'<?arri6d,:OMt:^u§ii5g:Gu li^ 
radiptiQB, 

25 DWXA^ sodium salt fdnri E i^ti pe pjhepanBd by;stQriog 'a rMm of: DMXAA sodiuirj salt 
fphr^.B and G fdr a suK^clent petiod of time to a dry atmosptiere, 

?Aaj|fh^ embpdiftientdf ^^c 

Is an ainhydrate e)<h?i5j^^g a charadteRsfic X-^ray povitdei* dfffi^cg&n p 
30 psaksexpressed .In d^alU€^ W)? 

7.8 (vs), ,6:8 (s), 5.76 (s), 3i94 (4 3,78 (w), and 3.60 (vs);, 
heremafter designatedasfonti L 

Jo certain embodiments, fdma L exHitilfs a chaiRacterlstie^^cay jSo^der diffradipttjiSttenT 
35 chaiscterl^tldipeaks expressed: in dr-values (A): 
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13.6 (w). 11.5 (m). 9.3 (m), 8.7 (W). 7.8 (vs). 7.3 (m), 6.8 (s), 6:0 (m), 5,87 (w). 6.76 (s). 4.58 
(mH.45 (m); 4.40 (rn). 4.24 (m), 4.20 frn), 3.94#, ^3.84 (W), 3^8 (w^, 3.60 (vs), 3.38 (vs), 
3.00 Cm),. &rid 2,89 (iTi). 

5 In particular embodirnents,, form L exhibits a characteristic X-ray powder diffraction pattern 
essentially as exhibited in fRpure 13 when powder X-ray diffraction is canied out using Cu 
radiatipo. 

DMXAA sodium salt form L can be prepared by suspending DMXAA spdiqin salt form K in 
10 tetrahydrofuran. fiftering off and drying the obtained solid under a flow of dry, nitrogen. 

Another embodiment of a crystalline form of DMXAA sodium salt according to the IriVerttton 
is an ethanol solvate containing abotil 21-22% ethanol and exhibiting a charaderistteXTray 
powder diffraction pattern with characteristip pealcs eXpressed jn d-values (A): 
15 12,3 (vs). 10.4 (s), 6.8 (m), 6.1 (nri), and-3;42 (tti),, 
hereinafter designated as forai K. 

in certain embodiments, form K exhibits a characteristle X-ray powder difTractibh pattern with 
oharacteristic p^aks expressed in d-values (A); 
20 14.7 (vw). 12.3 (ys), 10.4 (s). 6S (m). ^ H 5.34 .(m), 5..16 (w), 5.08 (m), 4.72 

4.64 (%0, 4.29 3Je:,(w5,;3.SO (w), mMl ^.57 Ni 3.48 3i42 (m), 3,27 (m), 

and2.94(m). 

In paicular gpibodimetits. #rit»:K.|?^^ 
25 esseWallyas exhibited iriii^ n^H^mpm&rnm^^^f^^■^^ cairtieciQUt. using Cu^Ka 

radiation. 

PWIXAA sQdilim salt1orm^iK?oar« b^ft^parad by saspendiog^an vamorphqu§:fQrm of PMXAA 
sodium saft in eth&ti9[.,filtferiris off aiidd^^^^^^ 

30 

Another embodiment of a crystalline form of DWiXAA sodium salt atcordtfig fo the Jnyentioh 
Is a m\md hydrate-isopropanol solvate cootaihlr^ #ioC(t:1p-1t vv^et 8ind;about 1;0.11 % 
feopn?panol and exhifeftitjg ft Gharaetetftitf I^^M^ difffacfloh pattenn. with 

, characfcrMIc? peakis e3(pTressed ih^^d^^ 

36 i:^#;^)ji^|.^),:®if;(§fe^ndi5;e^^^ 
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hereinafter designated as form G, 

In certain embodiments, form G exhibits a charactensticX-ray powder diffracfion pattem with 
characteristic peaks expressed in d-v8ilues..(A): 
5 17.0 (s), 12.0 (s), 10.7 (m), 8.5 (s), 7:B (rrt)i 5^83 :(ni), SJS <s). 4.7G (m); 4.45. ,(mX 

4.37 (m), 3.32 (Vs), and 3.21 {sj. 

In particular embodiments, form G exhibits a characteristic X^ray powder diffraction pattern 
essentially as exhibited fn Rgute 8. when powder X-ray dUffraGfron je carried but usirig Cu K« 

10 radiation. 

bMXAA sodium salt, form G (m be obtained by dissolving an amorphous torn of DNiXAA 
sodium salt in water, adding,(sppropanQli Sttrrihg. fBtertng bff end 'dting the obtaiined.solid in 

dry air. 

16 

Each of the different crystalline fornis of DMXAA sodium salt described herein Gan;,be used 
in medical therapy, notably in the treatment of cancer, as an active substance irt a solid 
pharmaceutical composition, of as an easy to handle process ingredient for preparing e 
liquid phafmaceutical eomiaesttfon .containing; dissolved DMXAA sodium salt -sis sict'we 
20 substance. 

In some embodiments, the forms suital?Ie for the pharmeceuti^i tfse disclosed herein, are- 
crystalline fomis B and C of PMW sodiUrti.salt hydrate, which ar© the stable hydrates and' 
are interconvertible into one another, depend^^^^^ 
25 : of DMXAA sodium salt anhydrafe Whfch is the stable anhydfate. Bach..or those fofrji^ shows 
pheMcai/f)hyeieal stabillti^ (no change obsen/ed after 36 months eterage et aniblent 
temperature in ^Vtight PE pSpk#ng);and watBr;scilubMty .(a^ 10p.mg/mL at 22X at pH 

SB Ag: welli as beih^ relevant lb the pharroaoetitical use describedi iierein, crystalline fomis D, W 
and I of DMXAA sodium salt hydrnte and .ciVstalflpe fbiTfi K of DiyiXAA sodium sait ethanol 
solvate can be used as liitentf^Jates fbrpreiiaringihyd^^^^^^ and C, 
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Similarly, crystalline forms E and L of DMXAA sodium salt anhydrate and crystalline form K 
of DMXAA sodium salt ethanol solvate cari be used as iritermedlates for preparing anhydrate 
fdrnxR 

5 PHARMACEmCAL COMPOStTIO^S 

The crystalline DMXAA sodium salt of the present invention may be administered alone or 
may be administered as a pharmaceutical composition or fomnulation - e.g. when the 
components are in admixture with a suitable pharmaceutical excipient, diluent or carrier 

10 selected with regard to the intended route of administration. The pharmaceutical 
compositions will typically comprise any one or more of a pharmaceuticaliy acceptable 
diluent, carrier, or excipient. Acceptable carriers or diluents for therapeutic use are well 
i<nown in the pharmaceutical art, and are described, for example, in Remington's 
Phamiaceutical Sciences, Mack Publishing Co. (A. R. Gennaro edit. 1985). The 

15 pharmaceutical compositions may comprise as - or in addition to - the carrier, excipient or 
diluent any suitable binder(s), lubricant(s). suspending agent(s), coating agent(s), 
SQlubilising agent(s), buffers, flavouring agents, surface active agents, thickeners, 
preservatives (including antl-oxidants) and the like, and substances included for the- 
purpose of rendsring the fbrrauiatlon Isotonte with the blood qf the.lntehded fj^clRient 

20 

Examptes of suitable carriers include, but, are ,nM ftmiteid ,tpv, lactose, Starch,, glucbsei 
methyl cellulose, magnesium, stearate, .m.ai3i!iit<i!> sorbitol. :ai1d th^= like; Examples of 
suitable dHuet«s :ftTcIud|, liuf^ M to, ethandl, #yceral; and water. 

25 Examiiles. of suitable bihder? include, but are ttdtlfhfiif^d: tOi, starch, geJatlni: natural swgars 
such as glucose, anhydrous, lactosfev freiB-ftow laetos©.^ js^^actos^, <50,ra sw^etsnere,, 
natural and: synthetic gums, such as acaclai;trasfaeantli.i0r,sodiMro a|inate. •oa.fboxymethyi 

ceilulose and polyethylene glycoL. 

30 Examples of sutabte iUbrfcaofs. iiislude, m m n§t llnilted tp^ sodium oleate, sodium 
sffearate,: rnagnesfum Meiafate,, sodium berizoate. .sddJgft'af^tate, sodium chloride and the 

PtfeserwativeS, stabilizers, dyes and even flavQutit® .agents 'may .be prpvided in the.- 
35 phamiaceutical composition. Examples of preservatives indluda. but are not limited to. 
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sodium faenzoate, sprbic add and esters of ' p-hydroxybenzoic acid. Antfd^^idants arid 
suspending agents may be also used. 

Pharmaceutical coirspositions for oral administration 

If the pharmaceutical composftiDn is a tablet oi' a pilf. then It may contain excipients such 
as, but not limited' to, microerystalline cellulose, lactose, sodium citrate, calcium carbonate, 
dibasic calcium phosphate and glycine, disintegrants such as starch (preferably corn, 
potato or tapioca starch), sodium starch g'lycollate, croscarrnejlose sodium and certain 
complex silicates, and granulation binders such as polyvin/lpyrrolldone, 
hydroxypropylmethylcellulose (HPMC), hydroxypropylcellulose (HPC), sucrose, gelatin 
and acacia. Additionally, lubrieatirig agents such as, but not limited to, magnesium 
.etedi^te, stearic actd,:,gjyceiyl!b^ehensfte and talc me^y be ihidludeet^. 

Sdlid poflipositions of a similar type may also be employed as fillers in gelatin c&psules. 
Exdiptents that may be mentioned in this regard include, but are not limited to, lactose, 
starch, cellulose, milk sugar or high molecular weight polyethylene glycols. For 
aqueous suspensions and/or elixirs, the compound may be combined with: various 
sweetening or flavouring agents, colouring matter or dyes, with emulsifying and/or 
sus!pending agents and with diluents such as, but not limited to, water, ethanol, propylene 
jryeol and glycerin, and bombinatioris tti^redt 

&mfulaikins 'hrmtmmoa^. inj&£m 

A pharmaceutical fonnutation for intravenous injection containing as active substance 
DMXAA sodium salt may be prepared by dissolving a suitable amount Qf .erystalline pMXAA 
sodiuit! salt in an, aqueoius solvent. If necessary, pH ^djastmefnt may be' used te ebntrol the 
soiubiltty of DMXAA in the gtjueous sdl^enl 

For examptef a phanrisideutie^iQniluMyon fpir Intrayenotis injidion containing as ad^& 
substance 200 mg/wiU bMJGfiu^dSodiun!' saji ls prepared by dissoltfiHg; a suikbte amount of 
crystalBne DMXAA sodium s^tt jp Ail aqdeQ.iJCS; ^qiyen^ having a physiologjcaliy acceptable 
pH e.g. a Q;01M Tris biiflfeK soliifidhj, arid adjusting the pH to 7.8-8.6 by addition of 
hydnochloripacld. 
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if desired, the formulation for intravenous injection njay be diluted (e-g. with water 
solution of glucose in water) prior to injection. 

The following examples illustrate the invention Without limiting its scope. 

5 

EXAMPLES 

i|n the examples and elsewhere, abbreviations, have the following meanings: 



aw 


water activity, 


A 


angsfi-om 


cm 


centimeter 


DMSO 


dirnethylsulfoxide 


DSG 


Differential Scanning Calprimetry 


DVS; 


Dynarriic V&ppur.Soiption 


Kg 


kilogram 


pm 


micFOHfietcsr 


|j' 


microliter 


rhg 


milligram 


m 


meter 


M 


molar 


ml 


milliliter 


NaHGOa 


sodiQm bicarbonate. 


nm 


nanometer 


ppm 


parts per million 


PXRD 


PoVtfder Xrray Diffraction 


r.h. 


relative humidity 


TG-FTIR 


Themiograyimeti^ ebtrpled' With FT 
IR spectroscopy 


THF 


fetrahydrbfuran 


V/Y 


volume by volume 



10 Experimental ' 

Powder DiffractiQrLi PXRD)2 PXRD is performed on a Phifips 1710 powder X-ray 
difrr^aometefUslrMCuK^ radiation (b^ a ratio of 2:1), Powder W 

difraetion measuremehts were cerried out in Teflectance mode, d-spactngs are catGUlated 
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from the 26 values using the wavelength of 1.54D60vA. Generally,. 28 values are within an 
error of iO.l to ±0^2°* The experimental eror on the d-spaeiiig values is thelisfoine dependent 
on the ijeak location. 

5 Raman spectroseopv:. FT-Raman spectra are neqorded on a Bruker l=?FS 100 FT-Raman 
systern with a near infrared Nd:YAG laser Operating at 1064. nrn and a liquid nftrogen-coqied 
germanium detector. For each sample, 64 scans with a resolutton of 2 cm- are. 
accumulated, Geherally* 100'mW laser power is used. 

10 DSC; Diff^nBrttial sGahnlrtg eiloritrjeft^y Was carried out with ^ Perkin Elmer DSO? (closed 
gold sampfe part or gdld-platW steel sempls^^l^ reie 10 K/iriin qr 20 K/mih). 

TQ-FT(Rt Thermogravirnetric measurements wem canied out v#i ^ Netzsch Therrho- 
MicroUalance TG 209 coupled to a Bruker FTIR. Spec^cmater Vector 22 (sample pans With a 
15 piftholesi Hz atiTiosphera,.heiatlng rate i"0 .K^min). 

PVS": Dynamic vapour sorption measurements were carried out with an instmment of 
Surface Measurement Systems (http.7/www.smsUk.co.uk). The weight change of the 
investigated siampte Is monitored while the relative humidity is changed over a range from 
20 0% r.h. to 95% r.b. at a change rate of 5% per hour. 

Water activity (aJ)i The water activity is a themiodynamic parameter which is related to the 
chemical potential of Water in a reacting system. In the gas phase, i.e., in air, the wafer 
activity essentially con-esponds to the relative humidity in % divided by 100. For instance a 
25 relative humidity of 75% corresponds to a water activity of 0.75. It is well known that the 
water activity in a mi>cture of an organic solvent with water depends upon the water 
concentration and the misclbility of the solvent with water, generally in a non-linear way. 
Such water activities are known from chemical and physical reference data tables. For 
Instance In D. R. Lide, CRC handl?ook ofthenuppfiysfcal sinti ttiermochemical' data, 1994, 

30 

A) Pi^parsction df DMXAA atid a cryefalline form of DfflXAA sodium salt mefltanol 
solvate 
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Reference Example 

Purified DMXAA was prepared accortiitlg to the methd described by G. W, Rewcastle. J.. 
Med Ghem. 1991* 34,, 217^22, ihciudihg the;following steps: 

(a) condensation of 2,3-dimMliyianiiine with hydroxylamine and chloral Hycirats to give 2,3- 
5 dimethyl-a- isonitrosoacetanilide, 

(b) sulphuric acid-catalysed ring closure ta give 6,7-dimethyIisati^ 

(c) oxidative ring opening using hydrogen peroxi^Je in pcitissium 'hydroxide solution to give 
3i4-dimethylanthramlic acid, 

(d) treatment: of the latter acid with sulfCinc acid, sddlunfin1itmte;attd potassium iodide to give 

10 3,4-dimethyl-2-iodofaenzoicacid, 

(e) stirring the latter acid with the disodium salt of 2-hydroxyphenyi9cetic- apid. 1risj[2-{2^ 
methoxyethoxy)ethyllamirie and copper rnoriochloride in DMSO,, 

(f) evaporatiqn, and treatment With an acetic acid soluibn to. give 2-f(:2- 
c^rfaoxyrnethyi)phenoxy]-3,4-d!methylben2olc acid, and 

15 (g) treatment of the latter acid with concentrated sulfuiic add*, washing vtfith mer &nd 
crystallisation in methanol to give purified Dly/1XAA. 

10 g of purified DIVIXAA were dissolved in water cofetainingrpn^^g^ju The- 
obtained solution was filtered through a P4 glass filter and^tt^^^ 

aa evaporated to dryness using a rotary eyapofator.. m residue th the alass flask wa$ 
dissolved with 100 mL of hot methaEiol and PMXAA sodium salt was recrystallfeed from the 
hpt idlutidn by addition of 100 mL. of ethyl lacetate and cooling, to lO'^C. The obtained 
crystalline pttsduct was isolated by flltiiatlbre and dryingi in under jltrpgen at room 
tetTiperature. Powder X-ray diffraettan of ihts sample $howed that a crystalline fdftin waS 

25 obtained which exhibits a powder pattemm^fiowm 1h mm 't. W .fpmft Js .d^sfgriat^a 
form M (or crystalline form jfl). inwest|a«6tJof ft>rm^M by 'Tsmif^ ^Q^ 
about 17,^6 otimethanoL 

B);Prepa?;9tiou of rtiesbraojpHrcfdmi A of JDM^^ salt 

30 

Example A1: 

.8S7 m PMXAA sodium, ^alfc methaiiol .iscllvate crys^llterfQrm %, appprding to the 
Fifef^nce &fflmple, are^lssolwed frv^iOimli pf water at Thfe sdlUt^hm 

ffftef^d througli a: 0^22 m iwiipore ffltratipn- unif fetp; a.4gO ml= Ipondiflask, wtt^lfeiiTlKe= 
m SPlutlorf is frozen: at^8'C With solid ^j.;:(dty Ice). TherBate,ifrf^e?diyihi9-^^^ 
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wfth, a , lyophllizer model Christ Beta 2-8, 19*2 using a cooler temperature of -89°C with a 
resulting pressure of Q. 090 mbar. After about 1.6 hptjrs of freeze drying, a dry powder was 
.obtained which was inyestigated by powder X-ray diffraction arid Ramaii spectroscopy, the 
powder X-ray diffraction pattern shows, one single distinct peal^ at 26 ^= 25.7^ Which is typical 
for a mesomorphic or amorphous fonrj, here-designated as fortn A (or rnesonttorphicfonn A). 
A powderX-ray diffraction pattern of fomi A is shown in Figure, 2. 

Stability: When stored ur?cler pftrogen in .a iightfy sBglei^:' qontatnei;, nteaomorphlc form A 
remains stable for at l$ast two niohths at arhtjjetitt terr)p0^^ 

G) Preparation and characterfeatipii of ctysfalHtiie; fomis ojF jbJUlKAA sociitim 
according to the invention 

1) Preparation and characterization of form JB 

Example B1: Preparation of form B from mesomorphic form A 

About 60 mg of DMXAA sodium salt mesomorphic form A, according to example A1, are 
stored in a humidity chamber with 75% relative humidity, (corresponding to a water activity of 
Q.7S) at 40°C for about S days, Surprisingly, powder X^ray diffraction of this sample shows 
that a riefw crystalline form is obtained which e>iiibtts a powder patl^w as shown in Figure 3i 
with peak iocsilibhs-asL tndlp^tistf in Table 2 herSaiter. A Raman ?p0dtrmT» of fonrt B is shown 
in Figufe 14i 

Btartiple Bg: Fif p£trafioii of foitn is frohi form F 

/^bGiiUt-^p'mg,of DW^^ galtfonfl Fiiscoordteg to exanr)p!fe,Fi,;ar6sio,ii$.d:^^^^ 
relapvfe htfftiidiiy (cbtresponidihg io- a water af<*lvttytof 0.755.31: 40*0 in 4n operiificiwafejrJf^t^y; 
^slrriple holder. After ihr^ d^s of Morage^und^r these popditicrn^,. ppwd;er>t-^iy .&mp0pn. 
of the stored sampte sh0w&,<hat ©MXAA s^ 

eharacterizatiorii and.proper%is of fprm B 

Table 2: Two theta angles aind d-spacingis for form B 



Angle rze] 


d-spaeings [A] 


Intensify (qualitative) 


8.0 


"11.1 


M: 


'8,7 




S 




9.3, 


m 


'12,6. 


■7.6-. 


m 
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Angle f2Ql 


d-spacings [A] 


Intensiiy (qualifative) 


13 J 


6.5 


m 


15.9 


5.57 


m. 


16.4 


5.41 




17.0 


5.21 


nfi 


17.^ 


5.04 


w 


19.0 


4,67 


w 


19.6 


4.5$ 


m 


20 J 


4J2B 


w 


20.9 


:4-25 


w 


21.6 


4.12 


w 


,2i.9 


4.05 


vw 


23.7 


3,75 


m 


24.1 


3.69 


w 


24.6 


3.62 


s 


26.2 


3.54 


vs 


26.3 


3.38 


m 


27.5 


3.24 


m 


27.9 


,3,19 


vs 


2S,3. 


3.16 


m 



The viater content of »:SMeterm^ 

Tlieaqqepus sblubilK^^m^ Is at fe'^t 300 <jig/ffili ^22'Ci pH 8:3* 
5 2) Prepapatipn offdmi Ci 

Exariiple C1« Prepamtion of form 0 from fprrn P 

About 4{). mg ©f bWlXM sadium ^alt to ^B. acoocdlngl td eKampte Bt. is pfepared Into a. 
sample hoMfer and islacsd^'iftifrlHtp k measufement cell. 

^10 thereafteri the relative: ljtiln» fe -W i mxom to 20% at a rate of aboM* 

5% per hour, and W^ tefatiVe hUftiWitj^ Is raalhtaihed for ak)0Ut:4fi- hours. Investigation of this 
sample by PXRD under cpnttoiled relative humidity condifioris at 20% r.h. reveals a powder 
X-ray diffraCtten pattern vtfhich is slightly dtefent from. forai B. This form is here designated 
asform C and it shows a chafBdtenstic;;p6wder X-ray difftadfo^ pattern as shovm in Figure4 

ia and peak; locations 'as given in Table3';hereafteTj.# :Raman ,#ectrtm of form G is shown in 
Rgure 14 



wo 2009/053681 



PCT/GB2008/003558 



■^34- 

Example C2: Preparation of form C from mesomorphic form A 

1.03,g of amorphous DMXM sotliunn salt mesomorphic form A, accordingio Example At, is 
dissolved in 2.6 mL of water. 1.25 mL of this solution is added to 11.0 mL of tetrahydrofuran 
at room temperature, which leads to immediate precipitation of a white solid product. The 
obtained suspension is sfowly dooled to 2°C under stirring and stirring is continued for about 
18 hours before a crystalline product Is obtained upon filtration and drying in air at ambient 
temperature. This sample is characterized by Raman spaGtrpsfc.opy and it shows :a Raman 
spectrum identical.to the sample according, to Example CI. 

Example C3: Preparation of form C from fdrm K 

27G mg Of DMXAA sodium salt fpnn K are suspended in a mixture of 3.0 mL ethyl acetate, 
I.O mL acetone and 200 fil water (i.e. 5% v/v corresponding to a: water activity of about OiSO 
to O.SS). The. obtained suspension is stirred at ambient temperature for about 88 hours and 
thereafter the solid is separated by filtration. The obtained white crystalline material iS djfed- 
in air at ambient temperature for about 1 hour and characterised by Raman spectroscopy; It 
shows a Raman spectwm identical to the sample according to Example G1.. 

ISxampiie C4: Preparatidn of form C from methanol solvate 

0) PreoarBtion of starting mateflial 

A mixture bf Bmmfii. and nfieths»r(o!:|2S yo,ium# ijelaih^i? to DMXM) Is treated (at 20 to: 
25?e) with';a''meitha^^^ of fOdifim' rtteitiibjfl'd^; Tlie rhtxtap& warmed to 45-S5*C^ 

and stfrre!.d h dlkplva. The;; ffMmi is telHrf idi :|?y filtration. The ^resatSng ^olutfon is 
concentrated by vacuum dlsfillgtioft 'yilfrfS^^^ 

sai) mmaln. The spJufipn Is ifluted-witM isd0rbpanoi;(15 volumes MSfe to DIMXAA^siodlum 
salt), and the iBSUlting. mixture i&: cabled„to'0-?*6 aiid stirred at Q-5*C to.(irysfellise. Crude 
I?M>e«iA ..^tdiMm ?ai.t .(of uncifetsrftiiiH^d forroj!, is isolated' fc»y fiitrafibh, washed with 
ijaethsinbl/ispptotsappl^ ^ 

W Pigfega^^&nt df forrn G 

The bfude DM3<M sodium sa|^ ?it#p; [0% apQife} is, . stirred at ambient teitipsfature 
(approxlhiateiy 0?d)"foplirjlhW in a mi)dUi® of acefene |?.vQlume,sj,ai:id Water 

(0.5 volumes). The fprnied hydrate fsblated by flltratloiii, an4 dtied. yifOh intermittent 
agftatlon by passing a water wet nitfogen sttieam (jfee strean^ obtained by passing 
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filtered nitrogen tiirough a reservoir of water at- approximately 30'G) through the filter cake 
until IPG conforms to specification (Water = 18-24% w/w; acetone <4D0Oppm). 

Characterizaifion and properties of fpnm C 
5 Table 3: TWO flieta angles and d^Sipacings for forro C 



Angle 


d-«pacings.[A] 


Intensity 
{qualifatiye} 


7.9: 


11.2 


m 


8.7 


10.2 


vs 


9.9 


9.0 


w 


10.2 


8.7 


s ■ 


12.8 


6.9 


w 


13.1 


6.7 


S' .... 


13.6 


63: 






6.4 


vw 


15.S 


■5.60 


s 


16.1 


.5.52 


tn 


17.2 


5.16 


m 


17.8 


4.97 


m 


20.0 


4.44 


m 


20.3 


4.36 




20.9 


4.25 


w 


21.8 


4.07 


w . . , , 


24.2 


3.67 


vs 


25.2 


3.54 


m 


25,5 


3,49 


vs 


26,2 


3.40 


s 


26:8 


S.32 


s 


27.3 


3.26 


vs. 


27.8 


3.20 


m 


28,9 


3j09 


rn 


29.4 


3.03 


m 


31.9 


2,80 


tin 


34.0 


2.63 


m 



The water content of fomi C as determined. by Kari Fischer titration Qf ta^itR is 15-20 %. 
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The aqueous solubility of form C is at least 300 mg/mL at 22*C at pH 8.3. 
Example C4: Dynamic Vapour Sorption (DVS) experiment 

About 10mg of a mixture of forms B and C is places into a suitabfa sample pan and 
investigated witli a dynamic vapour sorption apparatus of Surface Measurement Systems, 
DVS-1 (series 1000} using software version DVS win SP2, V3.01 at 25''C. The Initial relative 
humidity is 50% and the initial mass is 100%, thereafter the humidity is increased to 95% 
and kept at this level for 2 hours, then the humidity is decreased to 0%. and kept at 0% 
during 1 0 hoursi then raised aigairt to 95%. Change rates ^re always: 5% per hour. 

The Dynamic Vapour Sorption diagram obtained is shown in Figure 17: it is readily visible 
that the initial water content is about 20%, at 95% r.h about 1%.,of water is adsorbed but all 
the water is released upon scanning r.h. to 0%. Increaslngiihe ht<m^(ty feads to reversible 
wateradsorption and formation of form B at 95% r.h. 

Powder X-ray diffraction under controlled humidity conditions that simulate the conditions of 
the DVS experiment show that above about 70% r.h. form B is the dominant fomi. In the 
relative humidity range from about 20 to 60%, form C is obtained and below about 5% 
relative humidity, form E is fonried. The region from .60 td^7S% .relative humidity might be 
regpnded ^s. a transition zone where both forms. B and .G: can exfeitj said the region from 
abQMt5itp 2D% might be r^arded as a trah^itfon zone when* ;,b^ forms € and E rain exist 

it is oNar tHMithe tteiiisorfvereto^^ fornis a#';eiiiisgf ;fe^^ thai thera fe a 

relatively large transitfen zone where-fotrts g. and (£.d6exrsfc;, 

*J Pretjaraf qh oif form D 

BialiniDie pi s Prepai^Upn of fofha D ftam a trrixtare of forms B a«d C 

i|i^ jp9 .Qf £3M?<MsodliJ^ saltlhrfdrm #a mixture of fontis B aMC are suspf rtded In 1.0 
.iTjk Df TRlS/acetat^ biifferi(pW - This mlittur^ js stilted. :a£22'Q for 50 hotits before the 
splld is. recoverfe(i by filtration. Tlie wet cake; (s piepafed into a 1.0 Wm. powder X^y 
diffraction sample holder anidilnvestlfsJil 1?:^ fiumi^ityf PPnWdlled powder XriaydifftaGtlpn. at 
a relative humidity otMS^k. .^urMstrtgly, . p#/dei^Xrray:'dBfr&dlon .of th'fe sampfejStiaws' that a 
new crystalline fomi Is obtained V€ii,e1i!i;€!?c6ibitg a powder pafiem 'as,=shown fe Fi^rd 5,, wjt^i 
peal? locations as indicated In Tatjie 



wo 2009/053681 



PCT/GB2008/003558 



Characterization and properties of form D 

Table 4: Wo ttieta angles and D-spacfhgs for form D 



Angle fZQj 


drspacings [AJ 


Intensify 
(qualitativre) 


7.0 


12;6 


s 


7.6 


11,7 


vs 


9.6 


9.2 


vw> 


11.0 


8.1 


m 


14-i 




m 


14;9 




m 


15.7 


5,64 


m. 


i7.5 


S.07 


w 


19.t 


4.65 


w 


22.7 


.3.91 


w 


23.0: 


3.87 


w 


■23,2 


3.82 


w 


:23.9 


3JZ 


w 






s. 






m 


28.0 


■3:i^ 


m 


28.7 


3.11 


s 


29.2 


105 


w 




2.9B 


w : 


32.1 


2;t9:, 


, — 


32.5 


^2:75; 





TResisraferGPn^nfroffenw&as,^ {<^.H^hisr titration «^ 23-30 



4) Ptejiair^fii^ 

E^^aiijplie Els Prftpafkl^itn qtmim &'*it»md m&tumofBaiid:;C 
mm^O mg, of DMXAA sodium salt In fdmi^of a ralkture of fbi^s B an^ G are prepared into 
a PXRD sample holder ansl placed open intP a cpritrolted humidity measurement cell, 
hereafter the te!atrvehumi%todu.<^^^^ #.oUt^0r6f.»l. to 0%.r.h; at a rate of 5% per 
hour, with about 10 hou# iBer^soTiD^d, ^feir- js; removed. Investigation of tfiis 

sample by PXFSD reveals. thgt,4 n^vS^'GT^tgme to is .obtained: This form, vi/liich is here 
d^slanated^^rm ^exWbfts^^ppWdefpatte as ghown1n'F|uree,wlth;pea}< ICxciations as 
i«cpfe^d;itT TaBi « here^C.. 
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Characterization and properties of:torm E 

Table 5: Two theta anglfes and d-spacings for form E 



Angle p'293 


d-spacings [A] 


Intensify 
(qualitative), 


5.1 


17.4 


vs 


6.2 


14.1 


m 


7.7 


11.5 


m 


8;S 


10,4 


m 


8.8 


10.1 


s 


9.9 


8.9 


vs 


10.2 


8.7 


vs 


12.4 


7.1 


w 


12.6 


7.0 


w 


13.7 


6.5 


s 


14.1 


6.3 


w 


15.4 


5.76 


s 


19.8 


4i47 


m 


20.4 


4.3$ 


vw 


25,5 


3.49 


m, broad' 



5 From the DVS experiments reported in 2) above it is noticed thafformE Is an anbydrate. le. 
awater-fireefomri. 

Pofrn E is hygrosodplc. However, Wiien kept diy In a; closed Gon^!n«*r at arhbleiit 
temperature form F Is stable (ilo chemfcai of physieal change dbserved after 36 ftiortths 
10 #6ratB ^ ambient temperature in #l|ght PI^ packaging). 

Dse analysis of form £ reveals . an exotlierrnic signal neaf:,227X,: which' may show that a- 
>F^a3^ binsfbtmat|qn,undej^ conpun^ht^fe^wpbsffl^^^ T^his result as: 

well as the fact: that S( phasfe^^^e^^ exfjerjment vwtb a nmrn 6f 'foiros E a^d f in- 

15 isppropanol transfbnna«6^ pUre fomi F..indlc^6«ft.mi E is less stable than 
fbrm.F. 



5) Pmpamiiori dffbitn.F 



25) Example F1 : Preparation of i^rih F frpm rjnesomorphic form A 



wo 2009/053681 



PCT/GB2008/003558 



-39- 

80 mg, of DMXAA sodium » salt mesomorphic, form A, accarding to Example A1, are 
suspended in 2^0 mt- 2-5Mtanone in a 4i.O mL glass vistl. This glass via! is placed on a 
lafcjoratory sihaker and the obtained suspension fs sHal^n for about hoars at, anrtbleht 
temperature at 500 movements per minute. Then the suspension Is filtered and the obtained 
solid Ife dried at 4Q''G in air for 2 hours. The white crystalline material is investigated by 
PXRD, Raman spectroscopy, and TG-FtlR. Analysis by powder X-ray diffraction shows that 
a new crystalline fomi is obtained, which exhibits a characteristic powder X-rray diffraction 
pattern as shown in Figure 7 with peak :locaSons as: indicated in Table 6 hereafter. 
Characterization by TG-FITR showed that the obfainifed'-sGilid contained! .about 0;8 ,% water 
but essentially iio residual 2-butanwe. 

ExBtnpte PZt t>i«^rafiQn,of f0rm;F,^Ri\a m of B annlC 
368 mg of DMXAA sodium salt in fonn.of a inixturB df fomis B and C ace suspended h 8.0 
mL of Mutanone ih a 15 mL glass vial. TTils suspension fe first stined at 40''.d for about 3 
houns, fiien stlning is corrflnuied at am^)leht temperatiire for about 20 hours before the, 
suspension 1$^ filtered and ihe obtainec{#ol(d !$ dijed in aiir at ambient tempeiBtum. 338 m^ 
of white aystallin© solicj is.pbtaihed- vS/hi**!' is Investlgatfed by PXRb, Rsaman .epe^roscot?y. 
and TG^FTll^l. Analysis by povtf(^er;X-fay tfiffra^^ ^hovsis -the PXRp pf ttem bf lorrti F as 
depid^d in FfjgiiriB 7,;witR.peaK locSatiOrts as indiGsted^'to $ hereafter. GhEnacterizsatjon 
by TO-FlTR'showed that fh^ obtained solid contained about 2 "Abater but essentlaify no 
residual 2-*Utanone. 

Examiple F35 preparatloiioof form Fftfom form K 

2t7 mg of DJi5)0'^ spdiunft salfcitiim^^ 

and stiprBd;,at aml^fent tetfiperiture for about- 18 hoUiis before ttie suspension is filtered and 
ihe; obtaine^l sdlld (s dried; iii' air 0 aitiblent tefmpetatOiB. Yield: &5 mg. The off-white 
crystalline, rrtsjt^riat iS 'investfgWci by PXRD and ^mm. spedErosoppy, Both, the FXRD 
battsrn andthf .sbtalned Rafii^ 

Characterization.and properties of form F 

Table 6: Two theta angles and di-spacing? for fpiift P 







(dwalit&f ive} 


7.5 


f 1.7 


ni 




:9.7 


rri 




9.0: 


m 


10.3 


m[ . , . , . . 


vw 
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Angle r20] 


d^spacings EA] . 


intensity 
(qualitative) 


■12.4 


7.1 


w 


13.0 


6.8 


w 


13.6 


'6;5! , 


vw 


14.7 


6.0 


vw 


15.1 


5.86 


w 


15.9 


5.56 


m 


16.5 


5.37 


vw 


17.5 


5.07 


m 


18.6 


4.76 


w 


19.9 


4.45 


w 


22.6 


3.93 




23.9 


3.72 


w 


24.8 


3.58 


m 


25.6 


3,48 


vs 


27.9 


3,20 


w 


30.2 


2.95 


m 


307 


2.91 


■m 



Form F fe a solveht and water free crystalline form (true polymorph). Form F is the most 
stable anhjrdtate forni known (more stable than anhydrate form E or L). 

S Form F is hygroscopic. Storage of form F under 52% relative humidity at ambient 
temperature for about two weeks did not lead to a change of the crystal iom, but an 
increase of the water content to about 3% was found. At a high relative humidity, i.e. above 
about 70%JomT,F becomes unstable and converts to fomi B or C upon adsorption of water 
vapour. E.g. upon storage of form F in an open container at 75% relative humidity for about 
10 34 hours form F is transfonned into form B. The fact that upon storage at 75% relative 
humidity at 40°C form F transfomns into form B within a few days shows that fonti F is 
unstable against fomis B and C ih presence of water vapour. However, wheh 1<ept dry in b 
closed container at ambient temperature form F is very stable. 

•fS DSC investigation of form F shows that the melting point must be near 346X, but 
decomposition of the sample does not allow a precise melting point and heat of fusion- 
determination. No thermal signal that would reveal an apparent phase transition is obsen^ed- 
below the beginning of the melting process near 340'*C;; a. result that indlcates.thatform Fls. 
of high polymorphic purity and stability. 

2G 

The aqueous solubility of form F is at least 300.mg/mL at 22°C at pH 8.3. 
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e) Preparation of form G 

Example G1: Preparation of form G from mesomorphic form A 

330 mg Of DMXAA sodium salt mesomorphic form A according: to Example, A1, are 
dissolved in 1 .0 mL of water and the aqueous solution is added to 14.0 mL of isopropanol at 
room, temperature. Immediately a white precipitate is formed and the obtained suspension is 
stirred at 40°C for about 3.5 hours. Thereafter, the suspension is filtered and the obtained 
white solid is dried in air at ambient temperature *"or about 1.5 hours. The crystalline product 
is investigated by powder X-ray diffraction, Raman spectroscopy, and TG-FT(R, A powder 
X-ray diffractfon pattern as shown in Figure 8, with peak locations: as given in Table 9 
hei^fferi Is obtained The obtained sample contains some fomi C as ;phase jrnptWty. 

Characterization and piiopettiejs of forrji O 

Table 9; Two theta awgles and d-^aclngs for form G 



Angle [^61 


d>«paciitgs [Al 


Intensity 
(qualitative) 


'5.2' 


17.0 


s 


7.3" 


12.0: 


s 


8.2 


lOlT 


m. 


10.4 


8;s 


s 


11.7 


73 


m. 


14.7 


6.0 


m 


16.2 


6.82 


m 'i 


15.7 


6.65 


s. • 


16.6 


5.35 


,w 


16.8 


5.26: 


w 


18.8 


4.70 


m 


20.0 


4,45.: 


m 


20.3 


4.37 


m 


21.3 


4.17 


w 


22.3, 


;3v98': 


w 


23.5 


3J& 


w 


24.9 


,3.68-. 


w 


Z6A 


■.a4:i ._ . 


w 


26.8 


:.3,32'. 


VS 


27.8 


3.21 


:s 


29.1' 


3.07 


m 
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TO-FTIR analysis reveals that form Q as obtained here contains about 10-11% of 
isopropanol and about 10-11% of water. 

7) Preparation of form H 
Example Hi : Preparation of form H from form C 

2.00 g of DMXAA sodium salt form abcording-to Exetmpte C*, is suspendfed .in^2Q,0. ml of 
absolute ethanol in a 40 mL glass vial The bbtalnfed 'suspension Is stirred at:4{)^G.for3bout; 
48 hours before the solid Is separated by filtration, the dbtajned white crystalline solid Is 
dried &l 60X for about 2 hours and thereafter Investigated by powder X-ray diffraction, 
Raman spectroscopy, and TG-FTIR. Analysis, by powder X-ray difrraction reveafe ?h X-ray 
dWraetion pattern as shown in Figure awfth peak locations, as given In Table iQ, 
Gfiatacfetisatbn xJf forth N feyTWTlE;sbowsrth^ the olSaine^^ 
water. but essentfally.no resWtialetaol; Tlilsfbmi is design#e.d asfptrfi hi 

Example H2: Prepamtton of foitn Hft^^ 

283;2 mg Of DIW)O^A (1 .0 mmQj) afe suspended in lO mU pf acetbhe and warmed to 40^C. 
At40?C, 0.5 mL of 2.0 M NaOH aqtfeous sQlytibh is adde^^^ the dilute suspension of free 
aeid. The suspension is fitst sfirmd at 4P'C for about one hour: and thew at ambient- 
temperature for about. 44 hours b^f© the auspenslon was fi8emd:,and^ t^^ obtained soBd 
dried in aff at ambient fetngferaturs. The White- crystalline material- is inve^gated by PXRD 
and Raman spedros^opy. Analysis, by powder X^ray diffradion shoS«s as powder K-ray 
diffraetton pattern as shown. ih Pigure 9. with peak Ibcafions as: indicated Hi TaDja 10 
terBaftsr; 

Characftarlzatibn and propeit^ ottemi H 

Table Hi Two theta angles and di^pacings for form H 



Anglepzej 


d^spacings [Aj 


intensify 
tquatifaptjve) 


5.5. 


16.2 


vs 


6.1 


14.5: 


w . 


6.7 


13.2 


s 


8.0 


11.1 


S - 


,9.2 


9.6 


vs 


1;0;9 




s 


ii;9 




w 


■•i-3i4 


.6^6 


■s - ... 


:13i7 


•es 
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Annie P291 


d-spacings|^ 


Intensify 
ifaualitatlve) 


14.6 


6.1 


w 


15.2 


5.83 


m 


16.3 


5.43 


s 


18.2 


4.87 


w 


1B4 


4.81 


m 


2D.1: 


4.41 


m 


20.7 


4.291 


w 


2415 


3,63. 


m 


24.8 


3.58 


m 


25.8 


3.45 


m 


26.9 


3.31 


m 


29.5 


3.03 


tfi 


32.3 


2.77 


w 


34i6 


2.59 


w 



TG-FTIR analysis Kari^PTscter titration reveal ift^t fdrro; H as obtained Mm feontains 
about 7-9 % of water; 



8) Prfeparation of fom i 



Example H: fretKM^tion of form Ifrom form B 

660 mg.ofDiWW$6dtam salt;f6r^n B,acOT^ ''^•0 
of ai^soltite etli^iibl in; a 15 inL' glass; vial. Tbs o.toed suspension is stirred at 40°G for 
aisout 18 theteaftef the terwperaiturB' is reduced to 20*C while stirring is continued 
;dUring fotir hotttS 'befere::the solid Is sepaiat^ by filtration. The obtained white crystalline 
SOlid is dried tn air at room temperature for about 1 hour and investigated by powder X-ray 
Mractton, Raman spectroscopy, and TG-FTIR. Analysis by powder X-ray diffraction reveals 
an X-ray diffraction pattern as shown in figure 10 with peak locations as given in Table 11. 
this-fomiiis designated 'bs form I Gharacterisatlon of fOrm I by TG^FJIR shows that the 
^atm^d solid <s3i1taiiis;ab^i.&3%.<^^ inlwo distinct stejits of 5.7% 

arid 2.6% but essentiaiiy no residual etkandl. 



Characterization and pro|iier6e» of fojm I 



Angle M; 


d^jpacings [Ai 


Intensity 
ratialitative) 


JO:t 


14^© " 


VS: 
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Angle r23| 


d-sjpiaclngs [A3 


Intensity 
(qualitative) 


8.0 


11.1 


m 


9.2 


9.7 


vs 


1Q.0 


8.9 


Mil 


12.1 


7.3 


S 


12.8 


6.9 


m 


13.6 


6.5 


w 


14.3 


6.2 


rh 


14.5 


6;i 


w 


iis,d 


6.88. 


tti 




5;80 


m 


15.7 


5.63 


w 


17.2 


5.16' 


m 


1IJ 


5M 


w 


20.6 


4.31 


,m 


23.9 


3,72 


m 


24.4 


3.64 


:S 


24.8 


3.5§- 


:s 


25.2 


3.64 


m 


25.7 


3.46 


m 


26.1 


3.41 


m 


27.3 


3.26 


s 


27.7 


3.22 


s 


29.6 


3.02 


m 


30.7 


2,91 


m 



f f ^TOR ao#sis aecj Kart Ffeto tftration; reveal fom I as qptaiheci here 



gi) ppepairaflpn of focm; J 
Example J1: Preparation of form J from mesomorphic form A 

305 mg of DMXAA sodium salt mesomorphic form A, according to Example A1. are dried 
under nitrogen, then suspended in 10.0 mL of 1,4-ciioxane in a 15 mL glass vial. The 
obtained suspension is stirred at 20°C for about 20 hours before the solid is separated, by 
filtration. The obtained white crystalline solid is dried in air at room temperature for about 
one hour. Investigation of the obtained product by powder X-ray diffraction shows a 
crystalline solid with a powder X-ray diffraction pattern essentially as shown In Figure 11. 
TG-FTIR reveals a mass loss of about 27% in a distinct step near lOCC. which is 
attrtbuteble. to release of 1,.4-diQxarte. 
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10) Preparation of form K, 

Example Kl : Preparation of fortn K from mesomorphic form A 

5 1 .0 g of DMXAA sodium salt mesomorpliic form. A, according to Example A1 , dried under 
riitrogen is dissolved in 20 mL of ethanol under heating, tliereafter the solution is slowly 
cooled to lO'C. Tlie obtained suspension is filtered, the wet calte washed with cold dry 
ethanol, then the obtained solid is dried under nitrogen at room temperature for about 2 
hours. Investigation of the obtained product by powder X-ray diffraction sfiows a crystalline 
to. solid with a powder X-ray diffraction pattern essentially as shown in Figure 12, with peak 
locations as indicated in Figure 12 hereafter. TG-FTIRrre?/eals a mass loss of abt>ut 21.4%;i, 
occamng m two distinct steps of 5.1%, near SO^e, and 15-3% near 110°e« which am botfi; 
ai!lbitfabfet0 Mease pf Itiartpl. 

15 Characterization snd propertiBs of form K 

Table 12: Two Ihejta; angles arid ^^pgctogs fpr form K 



Angle flQ} 


d-sp^cingstA] 


fntensity 
(au^litative) 


ao 


14.7 


vw 


T.2 


12.3 


vs 


s;s- 


10.4 


s 


12.9 


6.8 


m 


14.5, 


6.1 


m 


16.2 


5.46^ 


m 


16.6 


:5;34 


m 


17.2 


5.16. 




17.4 


5.08' 


rri: 


18.8 


4J2 


w 


19.1 


4.64 




20.7 


4.29 


w 


22:5 


3-.95 


;w;: 


23;4 


3;,80 


W' 


24.3 


3.66 


W. 


24.9 


3.57 


m 


25.6 


3.48 




26.0 


3,42 


m 




3.27 






2.94 





TG-FTIR analysis reveals thatfortn K as obtained hefe doiitains about21-22 % of gflianol. 
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11) Preparafion of form L 
Example LI: Preparation of form L from form K 

260 mg of DMXAA sodium salt form K, according to Example K1, are suspended in 4.0 mL 
5 of tetrahydrofuran. This suspension is stirred at room temperature for alDOUt four days; 
thereafter, the suspension is filtered and the obtained solid dried at room temperature under 
a flow of dry nitrogen for about 2 hours. Investigation of the obtained product by powder X- 
ray dffffaction shows a: crystalline solid with a powder X-ray difffactioh pattern essentially as 
shown- in Figure 13, with peak locations Indicated in Table 13 hereafter.. TG-FTfR rievfeafs a 
10 mass Joss of about 1.2% which is attributable to release of water. 

characterization and properties of form L 

liable 13: Two theta angles and d-spac!ngs for form L 



Angle ["263 


d-spacings [A] 


Intensity 
(quafltatiye) 


6.5 


13.6 


w 


7.7 


1:1.5 


m 




9.3 


m 


10.1 


8.7 


w 


113 


7.8 


vs 


12.0: 


7.3 


m 


13.0 


6:8 


s 


14.8 


6.0 


m 


15.1 


5.87 


w 


15.4 


5.76 


•S ^ 


19.4 


4:58 


m 


19,9 


4.45 


m 


20.2 


4.40 


m 


20.9 


4.24 


m 


21.1 


4.20 


m 


■52;5 


3:94 


s , „ 


23.2 


3;84: 


w 


23.5 




w 


24.7 


.3;60' 


vs 


26.3 


3:38 


vs 


29.8 


3.00 


m 


30.9 


2y89i 


m 



15 Form L is an anhydrate^ i.e. a water-free form. ft js. hygroscopic but. stable when ^kept In a 
tight containen 
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Phase equilibi^tion expenrnehte sh6W;that :,fdrh1 L is less stable than form F and can bfe used 

to prbduce that form. 

It is to be understood that while the invention has been described in conjunction with the 
5 above embodiments, that the foregoing description and examples are intended to illustraite 
and not limit the scope of the invention. Other aspects,, advanteiges and modlfiGatipns within 
the scope of th^ inverjtiQn wfll be appar^lo those skilfed the art' to whlcli the ihveriition 
pertains, 



wo 2009/053681 



-48 



PCT/GB2008/003558 



Whatte C^irtied is: 

1'. A crystalline DMXAA sodiom salt in form t>f an .anhydrate or a solvate. 

5 2. A crystalline DIVIXAA sodium salt In forni of an anhydrate or , a solvate with a 

physiologically acceptable solvent. 

3, A crystalline 13MXAA sodium salt aocprding to; claim 2 wherein the physiologically 
accepteble siblvent Fs^^ected fiioiti ti.^ group cpfisisting of watfr, ethanoland isopropanoL 

to 

A} A crystalline DMXAA sodium salt according to dairri 2 wherein the physiofogically 

acciptable solvent is water. 

5, A erystelline form of iDI\/IXAA sodium salt accoreling ,to daim 4 whlph is .a hydrate 
15 containing about 20-22 % water and ekhiblHng a chaFacaeristic X'-raiy powder diffraction 
pattern with Characteristic peaks e)fpressed In d-values: (A): 
10.2 {s), 9.3 (m). 3.54 (vs), and 3;19 (V8) 
iiereilnafter designated as foiw B. 

2b 6. A erystelline fonm of DiWXAA sodium salt according to claim 6 which exhibits a 
chgiaderistic. X-ray powder difFraction, pattern With characfetistlc peal<8 expressed in d- 
valufes (A): 

11.1 (w). 10.2 (s), 9,3 (m). 7.p ;(m),, 6,5 .(m)i 5.57 (m). 3,62, (s)V Si^4 ;(Vs)4 3^8 (m)„ arid 3.1'9 

m- 

25 

7, A crystalline form of DMXAA- sodium salt according to claim 6 which exhibits a 
characteristic X-ray powder diffraction pattern with ciiaracteristic peaks expressed In d- 
values (A): 

11.1 (w), 10.2 (s), 9.3 (m). 7.0 (m). 6.5 (m), 5.57 (m), 5.41 (w); 5.21 (m), 5.04 (w). 4.67 (W),: 
30 4.53 (m), 4.29 (w), 4.25 (w), 4.12 (w), 4.05 (vw), 3176 (fh), 3.69' (w), 3:62 (s), 3.54 (vs),, 3:38^ 
(m), 3.24 (m), 3.19 (vs), and 3,16 (m). 

8. A crystalline form of DMXAA sodium salt according to claim 5 which exhibits a, 
characteristic X-ray powder diffraction, pattern, essentially «s. exhibited' in Rgure 3 When 

35 measured with CuKa radiation. 
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9j a crystalline form of DMXAA sodium salt according to claim 4 which ife a hydrate 
containing about 15-20°/o water and exhibiting a characteristic X-ray. powder diffraction 
pattern with characteristic peaks expressed In d-vaiues;CA): 
i 0:2 (vs), 8.7 (s), 5.60 (s), and 3:67 (vs) 
5 hereinalter designated as form . C 

10. A crystalline form of DMXAA sodium, salt, according to claim 9 which exhibits a 
characteristic X-ray powder diffraction pattern with characteristic peal<s expressed in d- 
values (A): 

1:0 1 1.2 (m)„ 10.2 (vs). 9;0 (w), 8.7 (sX,5;60 (5). , ag7:(vs), 3.54 (ro). 3.49 (vs), 3.40 (s); 3.32 (s), 
ahd3i26(Ve). 

11. A crystalline form of DMXAA sodium salt according to claini 10 which Sxhibfts a 
characteristic X-ray powder diffraction pattern with characteristic peaks fexpffessed in d- 

1.5 values (k): 

11.2 (m), 10.2 (vs), 9.0 (w), 8.7 (s), 6.9 (w), 6.7 (s), 6.5 (w), 6.4 (vw)., 5.60 (s), 5.52(m), 5.16 
(m), 4Wm, 4.44 (m), 4.36 4:25 (w). 4.07 (\v). 3.67 (vs), 3^54 {m)v 3:49 '^), '3.40 p], 
3,32 (s)i S;26 (ys), 3.20 (m). 3.09 (m);.:3,03 (ro), 2M irv^, and 2^S3 {nr»)v 

20 12. A crystalline fonti of sodium f^alt ^ccafdirig to cl^irh 11 wHicli exhibits ;a 

characferistiG X-ray powder ^ilTfaGtiph pattern -essehtialfy :as extilbltesJ tin Figm^A when 
measumd with Cu K« i^diatiori; 

1 3. A crystalline form of DMXAA; ^diUmisaft acportling, t<) claim 4 which is an anhydratfe 
25 exhibrtfr^g a characteristia X-^ray poWder dpaGtibn fiaitferti v)p. .charactieretic peafcs^ 
exprg^ed fn d-valo^ 
05^ ■HvQ.O (m^ and ai48'{vsi) 

30 14. A crystallip mfmi «^ D!^)^ .SOdfum, salt acGotdlM: 13. iVhich exhibits: a 

characteristib X-ra^ powder diffractlbn pattern w% pMraStengti<? pe^ks expressed in d- 
values,(A): 

11j7 {m),8j7 (m|,f9#<m3^s^^ Snd 3;46#s), 
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15. A crystalline fomi of DMXAA sodium salt according to claim 14 which exhibits a 
characteristfc X-nay poWden diffrac^jqn pattern with cfiamcteiistic peaks expressed in, d- 
values (A): 

11.7 (m), 9.7 "M 9.0 (m), 8.5 (WW); 7.1 (w), 6i8>(W)i 6i5 (vw),..6;0 :(vW), 5.86 (w), 5;56 (m), 
5.37 (vw), 5^07 (m), 4:^76 (W), 4.46' (w)j 3:93 (m), 3.72 (W), 3.58 (hi), 3.48 (vs), 3.20 (w), 2.95 

(m), and 2.91 (m). 

16. A crystalline form of DMXAA sodium salt according to claim 15 which exhibits a 
characteristic X-ray powdfer diffracBbn pattern essenttaify as fia<hrblted in Rgure 7 when 

measured wtthCu Ka radiation. 

17. A crystalline form of DMXAA sodium salt according to claim 4 .which is a hydrate, 
containing abdiit 23-30 % water and exhibiting a characteristic X'fay powder d'rffractbn 
pattern with characteristic peaks expressed in d-values (A): 

12.6 (s), 11J (vs), 8.1 (m). 6.3 (m), 5.94 <rri}, 5,64 (lii), and 3.57 (s) 
hereinafter designated as form D. 

18. A crystalline form of DMXAA 'sodium salt aqcordihg; to claim 17 Which exhibits a 
characteristlo X-ray powder drfft^cSbn patteffi 'wath charadteristic peaks expin&ssed fh d- 

yalueSi(A); 

12.6:(s), 1 1,7 (vs), 9.2 (vw); 8.1 (ni), 6.3 (m), 5,94|m), 5.64 (m), 5.07 (w), 4JH.;(^, SM M, 
W (W), 3:82 (v\^,;3 J2 (w), .3.57 (s), 3.24 (m),,3JS {m^, 3.11 (s), 3.05 (w),.'and 2a9i(rti^. 

19. ; A crystalline form of DMXAA sodium salt according to claim 18 WhiBh exhibits a 
char^eten'stio X-ray powder diffraction pattern essentially as exhibited in Figdine: 5 when 
rneasUfBd with jGu Ka radiatibri; 

A crystalline form of DM^Wi^WfW: ^tcoSrdihi to claim 4^wblch Is aii arifeiyclrat^ 
exhibiting, a chafactetistie *X-li%y: js^tM^r W^i^dapri, ipattsbi mk mafm$M9 P^W^ 
e5(^ress,ed in dr^alues 

I7;4t{ys), 14.1 (m)^ (vs),i6.7^ws),andi^^ is) 
xlefeinaftep .designated; asrfprnrife 
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21. A crystalline form of DMXM sodium salt according to claihi 20 wiilch exhibits a 
characteristic X-ray powder diffraction pattern with characteristic peaks expressed in d- 
values (A): 

17.4 (vs), 14.1 (m), 11.5 (m), 10.4 (m). 10.-1 (s); 8.9 (vs), 8.7 (vs), 6.5 (s). 6.3 (w), 5.76 (s). 
5 and 3.49 (m, broad). 

22. A crystalline form of DMXAA sodium salt according to claim 21 which exhibits a 
characteristic X-ray powder diffraction pattern essentially as exhibited in Rgure 6 when 
measured with Cu K« radiation. 

10 

23. A crystalline form of DMXAA sodium salt according to claim 3 which is an ethanol 
solvate containing about 21-22% ethanol and exhibiting a charactenstic X-ray powder 
diffraction pattern with characteristic peaks expressed in d-vafqes (A); 

12.3 {vs), 10.4 (s), 6.8 (m). , 6.1 (m). and 3.42 (m), 
15 herelnaffefr designated as form K, 

24. A crystalline form of DIWXAA sodium salt according to claim 23 which exhibits a 
characteristic X-ray powder diffraction pattern with characteristic peaks expressed in d- 

values (A): 

20 14.7 (vw), 12.3 m, 1Q.4 :(S), B;8 (m), m (rn>i 'Sm (yi), SMm), BM M. 5.08 im), 4.72 
(w), 4.64 {W). 4.29 (w3. Bm 3.80 (vvt), 3.6B 3.57. (m)j 3.4f (w). (rn); 3.27 (m). 

and 2v94 (W),. 

26. A crysteliihe, fefit» of DMXAA sodium 6alt aeddPdihg :io cialfiEi 24 which exhibits a 
25 eharacteristib X-ray pawder diifracffon ^pattenr^essenMiy ^ exhibited; in Rigure 12 wheri 
measured with Gu radiation. 

A crystalline form of &WD<AA sodiurti: saft ^aeording io claim 4 which Is a hydrate 
iCQiitaintng about 7^ fcater/anidexhiltfrfga eharaQteHstli? Xi^ii^y p.owder difilfaptron.pattem 
3ip ,wtthcharacteristfO;peat<se5{pjressedln;d 

i$j2^§i, 15.2^)1 11.t;(?).B,6^vs),ai #,,6.5 (ys). and )* B.'Mi^), 
hei'emafler designated as fonti lH. 
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27. A crystalline form of DMXAA sodium salt according to claim 26 which exhibits a, 
characferistic X-ray powder diffraction pattern with characteristic peal<s expressed in d- 
values (A): 

16.2 (vs), 14,5.(w)i 13.2 (s), 111 (s);.&.6:(vs),.8.i>),7^ (w)/6.6 (s)..^^^ 6.1 (w), 5.83 
(rh), 5.43 (s), 4.81 (m). 4.4l (m), 4;20.:(w)i 3:63 (m|, ^';58"<^^ 3.31 (m). .S.03 (m), 

28. A crystalline form of DMXAA sodium salt iQcprding to claim 27 which exhibits a 
characterisfiG X-ray pdwder drffrBdiori pgittem esseritially as exhibited in; Figure 9 vi/hen 

measured with Gu K„ radiation. 

29. A crystalline fomi of DIWIXAA sodium salt according to claim 4 virfirch .is a hydrate 
containirrg abdut 7-9 % water and exhibiting a characteristlc'X-nsiy pPW^ier cTfeotb 

With characteristic peaks expressed . ip d-valueis (A); 

14.6 (vs), 9.7 (vs), 7.3,(3), 5.88 {rn% 3i64:<^,3.59;(jB^3^2e (i^, ^ritf^-j^i 

hereinafter designated as form I. 

30. A crystalline form of DMXAA sodium salt accordiflg to claim 29 which exhibits a 
Characteristic X-ray povvdep diffraction pattern with characferistic peaks expisssed in d- 

values.(A): 

14.6 (vs), 11.1 (rri), 9 J (vs), 8;9 (w), 7.3 (s), 6,9;(m),U5.(vsO, (mh 6.1 5.88 (m), 5.80 
(ni)j MM p^, f4@ (*)* 5^02 ipl i.3i (rri), 3.72 (iji). ^M j^},. 3:S&;j^), 3^54 (m),, 3^6: (m), 
3;4i;#^.t;26 ^2 (mji^and 2^1''XI^. 

31. A Gfystallhe. fdrirt pf pWXAA sodiUtjj; ^sift iajjepttlijig, to. clajm 3(3; wbieH ^exhibits a- 
characteristics %r&!/ ^powder dWiiactlbfi jpatt§rri i^n:tia!!y m exhi^itfec!: in Msure- 10 when 
measated ^MHh Cu K^^ iadlatjoh. 

321 A crystalline form of DM>^ sodiMin ,saif;aca?rdjh^( to .plalrti 4' Whlii te an. gilliyjdrate 
exhibiting a charactfertsii& .X-tiay powder diffi^'^tioipi, |)attenl With charac?t:eristic peaks 
ej(pressed in d-values (A): 

7;8 (vs),,6.s (s), 5^*6 (s), 3.94 WTMM^ aod3.6a;(yg). 
heirein^fter designated as forjrj L 
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33. A crystalline form, of DMXM sodium salt according to claim 32 which exhibits a 
characteristic X-ray powder diffractioh pattern with characteristic peaks expressed in d- 
values (A): 

13.6 (w), 11.5 (m), 9.3 (m). 8.7 (w). 7.8 (vs), 7.3 (m), 6.8 (s), 6.0 (m). 5,87 (w), 5.76 (s). 4.58 
5 (m), 4.45 (m), 4.40 (m), 4.24 (m), 4,20 (tn). 3.94 (s). 3.84 (w), 3.78 ,(w), 3.60 (vs), 3v38 (vs)* 

3:00 (m), and 2-89 (rn). 

34. A orysfelline fbiro of •.divi??AiS^; sodifeimi salt ^tseorciing :tci :(Min,0 Wfijch exhteife a 
chrndteMii X-ray povw^leF dittaction pattern essentially 4s fexhlbltee( in RgufB 13 whert 

lb measured witti CuK* radiation. 

35. A Giystaliine femi of DWXAA sodium salt aGGording to claim $ whrch is a mixed 
hydratfe-isopropanot solvate containing about ,10-11 % water;and;about lO-ll % isojaropanol 
and exhibiting a characteilstlp X<ay povydef dfffractiofi pattern with qharaelBristic peaks 

1 5 '^xptessed.lri d-Values (A); 

17,0 (s), 12,0 (s), 8;5.(s), iand5.6E( (s), 
hereinafter designated as fortnip; 

36. A crystallihe form of DI^/IXAA sodium salt according to claim 36 which exhibits a 
20 GharacteHsfiG X-ray powder diffraction pattern, with charapteifetic peaks expressed In d- 

valoigs (A): 

miQ (^i, m^rdi), n:rm 8;s (s), M Mi m:^^J5-m itnl «^es m 4.70 (tn), 4*45 mi 
M 'S^M (v5). ?fncr 3;2i;(s)> 

?S Wt A prysialltaQ- fop. Pf pmm sodiUrii ssilt according to claim 36 which exhibits a 
dlia^^(StferiSjic X-iiay; powder dlffraotipiit pattern Essentially as feschibited ih i=lgurs 8; when 
meiakured witH-0u Ka f?rf 

SB. A pr6qe^ fer prBpaHjIg-qrystaillirie Dl^^ saltdf any Sf claims 1 to 4 which 
30 Is in. tomi, Hi a hydtfte, ;coWprisingi:^tirnng. a, suspension of an amorphous form or any 
crystalline 'fom of DK/IXAA sodium salt in an organic sdlyent don^ 
■in a ratio that , i^sTjlts in a:suitable .waten'9<!^^^^^ f(|terinaioffrtl3eyoNaih#,0b?stalline:fp^ and 
drying -ft under suitable conditions. 

35 39. pmmm. fbr preparing ei^stalline fonii B RMXAA spdit^ salt hydrate accordlna 
m anf jtf'cfeiitt iemmm;WmQ: n suspetfeioir 0t an amorphous form or any 
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crystalline form of DMXAA sodium salt, in an organic solvent containing water as a co-solvent 
in a ratio tliat results in a water activity of about 0,6 to 0,95,. filtering off the obtained 
crystalline form and drying It under a telatiVe humidity of about 75%. 

40. The process df clairn 39, wherein the water activity is of »abput 0.7 to 0^9. 

41 . A process of preparing crystalline form C of DMXAA. sodiiim salt hydrate according to 
any of claims 9 to ^2 comprising stirring a suspension of an amorjphbus: form or any 
crystalline form of DMXAA sodium salt in an organic solvent containing water as a co-sdlvent 
in amtig that resute jna wateraqtivity of about 0.2 te> 0;?; filtering off the obtained crystalline 
forrn ahd diying.tt Under a j^elatlw humidity. oif s^bout 504{i.- 

42. The pt-o(^s of clajm 41 . Wherein ;tbe waiier sctivify is, of about 014 to 0J6. 

43. A process for preparing crystalline DMXAA sodium salt according to any of cigims 1 
to 4 which is in form of an anhydrate, comprising suspending amorphous DMXAA sodium 
salt or any crystalline form of DMXAA isodium salt in an organic solvent, stimhg the obtained 
suspenstlon until formation of the anhydrate crystallirife form is complete, filtering and drying 
under sulteble conditions. 

44. A process of preparing crystalline form F of DMXAA sodium salt anhydrate according 
to any of claims 13 to 16 comprising suspending an amorphous or any crystalline form of 
DMXAA sodium salt in an essentially water-free organic solvent and stirring obtained 
suspension iintll formation of form F is complete, filtering and drying in dry air at ambient 
temperature'. 

45. A process for pr6|»arihg; crystalline DMXMs^ $9ltof any of olajrhs 1 t64whl(3h 
Is In fonn of a solvate of a pfiarrrtacfelltlcally ^ceeptable orQpm sojveRt,. iS.ornJ>rtsihg 
suspending an amorphous form or any. :erystailme^"fofm' of DMXAa sodium salt iri iFp; 
physiplogicaliy acceptable organjasolyepti stinihg,. filfetrlng :off itheiohfeiined> crystallirse fomi 
ahd.dry.i13g it under sifltal5le cphditi6rii,s. 

46. A prtjcess for prfef atfhg .qQ^tplh^^ BIOpc^ Sbdiumssdtt pf any of claims 1 to 4 whidh 
Is In fonn df mixed hy4mts*sblv&i^ .cif a jDfiyslplogically aqcejitable organiis solvent* 
comprising dissolving an amorphous form or any orystalllne form of DMXAA sodium: salt Ih 
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water, adding the physiologically acceptable organic solvent,; stirring, filtering off the obtained, 
crystalline: form and drying it under suitable: conditions. 

47. A crystalline DMXAA sodium salt accordtng to any of claims 1 to 37 for . use as a 
5 medicament. 

48. A crystalline DMXAA sodium salt according to claim 47, wherein it is selected from 
the:group consisting of crystalline form B of DMXAA sodium. salt hydrate according to any of 
claims 5 to 8, Grystalline form G of DMXAAsodium sait hydrate according to any of claims 9 

10 to M and crystalline form C of.DM)CAA sodium saft anhydrate apposing to any of claims 13 
to 16. 

49. A crystijiine DMXAA" spdjorn salt aiscoisling; anj^ of claiiTis 1 to 3? f6f us6 in 

treatment of cancer. 

15 

•5Q. A, Grystalline DMXAA sodium salt according to claim 49, wherein it is selected from 
the group consisting of crystalline form B of DMXAA sodium salt hydrate acpording to any. of 
claims 5 to 8, crystalline fomi e of DMXAA sodium salt hydrate according t^? any df claltris 9 
to 12 and crystalline foi^n 0. of DMXM' sodium salt anhydrate.ac«50iiafng to;;ghy df olai^^^^ 13 
.20 to 16. 

51. A pharmaceutical corrjposition contatrjlng as actjv^ ihgr^ient a crystalline DMXAA 
sodium salt In fomr pf ao. anhydj:^ .dr a,so!vat6i:«^^ a phaniiaoeuBcally acc®{rtabie 

ordiiueht 

23 

.52. A ptaaceuflbal cajrapo^itton cohtairiiiTS! as aettwe Ingredient a Grystalline DWIXi^ 
sodiiiiro saff aeEfflrding to any of xjlalmsvirfoif^ ardaipharmaceutically apceptabia earrfer or 

dilueut. 

30 53- A phamiaceUtiSal comppsiHbh according,: tb afty of claims 51 or 52 Wherein m 
crystalline DMXAA sodiMm salfii&silfeGted from, this grpiipi consisting of crystalline fdnfn B of 
DMXAA sodium salt hydrate according tb ariy 6f claims S to S^ ctysfeilltneiidnfi S ^Mt^^ 
sodium salt hydrate acfeordiilfil ;tb^;an^-of ieialiiis 9 to IS,,, a: misctufe of drystalfine femj B of 
DMXAA sodium salt hydfefe^^ecor^ing ^fo ariy of claims 5 to 8' and crystalline femi Q of 



wo 2009/053681 



-56- 



PCT/GB2008/003558 



DMXAA sodium salt hydrate according to any of claims 9 to 12, and crystainrte form C of 
DiWXAA. sodium salt anfiydrate accoiding to any of claims 1 3 to 1 6. 

54. A pharmaceutical composition aGCprtlirig to any of claims 51„ 52 br 53 Wherfein the 
5 crystalline DIVIXM sodium salt is present in a solid font) for oral adminiistratlon \wherein tfie 

solid form is a tablet, a pill or a capsule. 

55. A method of preparing a pharmaceutical composition comprising, mixing a crystalline 
DMXAA sodium salt in an aquepus solutfen having a physiologically acceptable pK 

10 

56. A method of prepapng, a: pharrnaceutical composition according to claitn, 55 
GOriiWrisirti disspivir^ a erysteltt^^^^^ to anS' pf clainiis 1 to 37, in 
an aqueous, solution havlng^a fShysiologlcally-^ce^ptable. pH, 

15 57. A method of preparing a pharmaceutical composition acconding to Claim 56 
corfiprisiftg dissolving crystelline DMXAA sodium salt 9GGording,to any of claims 1 to 37, in a 
0^1 M trfe btjffer solution and adjusting te, pH tb~7:8-8.6: 

58. Use of-a crystalline DMXAA sodium salt according to any of ©laiims i 'to W-i fov: Vns 
20 preparation of a medicament for the treatment of cancer. 

59: Use according to claim 58 wherein the crystalline DMXAA sodium sait.fe Selected 
from thf group consisting, of crystalline form B of Dft/jXAA sodium ssilt nydrafe acSording ta 
ariy of claims 5 to 8, crystelline fomn e of DMXAA sbdiiim salt hyd|iate .aOBpKlir^g to any of 
'25 ; etefms. 9no 12iand crysfeilBnefOmti B OKBSAA sedidfti saif an%dtete. aGCOitifnsj any of 
GlallrnslSto'16. 

6Q. k method of itfeating cancer In a patfent in: need .of sudi treatment, s^M method 
, cQTTiprisihg acjniinmeilhg, fo.sgrd;pati^^ m ef ect^e. amountHaf a iojystalline DMXAA sodiuin 
30 salt ih fomi Of an ahhydrate oi^a solvate to the pptiettt. 

61 . A method of treating: canoei- in a. ^>atient in rjeed of suchvtf^atitient, said methdd. 
comprising administering; fo saia.;patient art elts^StiV^ ampont of-aCfYstallirte DMXAA- sodium^ 
salt accoRjing fo any of daimsjllo 37; 
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62. the method, according to. claim 61 wherein the crystalline DMXM sodium salt is 
selected from the group consisting of crystalline form B of DMXAA sodium salt hydrate 
acconding to any of claims 5 to 8. crystalline forrh C of DMXAA sodium salt hydrate 
accordjng tp any of claims 9 to 12 aiid crystalline form; F:6f DMXs!^ sodium, salt anhydrate. 

5 according to any of claims 1 3 to 16- 

63. A method of treating non-srnall cell lung, cancer in a patient in need of such 
treatment, said method comprising administering to said patient an effective amount of a 
erystallihe DMXAA sodium salt in form ofan anhydrate or a solvatej k cdmbmation With the 

1 0 sequeritiai administration of paclitaxel and carbopiatin. 

64.. A method of treating non-small cell lung cancer in a patient in need of such 
'treatment, said method comprising administering tP said patient an effective aimotint of a 
crystalline DMXftA sodium salt aGc»ixilng;,^to claims 1 to 37, in combihaitioh with the 
15 isecjMential administration pfpaGlte 

65. A method of treating metastatic hormone refractory prdstate cancer in a patfent.^fn 
need of such treatment, said method compnsiiig administering to said patient an effective 
amount of a crystalline DMXAA sodium salt in fofrn of an anhydrate or. a solvate. In 

20 combination with the sequential administration of docetaxel. 

66. A method of treating metastatic homfiione refractory prostate cancer in a patient ih 
need of such treatment, said method comprising administering, to saidJpati^ht an effective 
amount of a crystalline DMXAA sodiuni. salt acpbrdiiia to any of cjlaiifns 1 f& 37, in 

25^ comfainMion with, the secjuefntiaiadmihlstrntip^ of docgtaxal.. 

67; A kit-of-parts comprising^ 

(9|, a fofrtrulatioh:oont^ihjrig.ai Gi|stail^& DMXAA sodium^sal! In ta:dif«n;.anhydrate w 
a soiVate^ 

30 one or more separate formufefions .c6rrtpdsi^»g one, or more further phanTia<»utical!y 

active compounds^selected from taxanes,, piarrns,,qrp!pphospharnld.e, ylhca alkaloids, 
antlmetaboiites.. fopofeomereise ill Inhibitors, anflftaoyolihesi/tumoiitr necrpsis fact6r 
CTNF) stimulating compounds,, ittiruMhompduiaftity cdmpOMrids,; fjori steroidal anti- 
Inflammatory drugs ;(^13»3i. :E©f^R %n^^^^^ pathway inhlbibfs and; VEGl? 

3S binders; and 



wo 2009/053681 PCT/GB2008/003558 
-58- 

instmctions for use of the formulation containing DMXAA together with said one or 
more separate 'fbnfnU]ation& 



A kit-ofparts comprising: 

a forniulation: containing ac.rystalline'DIWXAA:Spdium salt according to any of claims 

ltd 37; 

one or more separate fonriulations comprising one or more further pharmaceutically 
active compouncis selected from taxanes, pfetins, cyclophosphamide, \finca alkaloids, 
antimetabolites, topoisomerase II inhibitors,, anthracyclines, tumour necrosis factor 
(TNF) stimulating compounds, immunomodulatory compounds, non steroidal anti- 
inflammatory tirum J[NSAIDs)i EGFR siignaUtog pathway inhibitors and VEGF 
binders; and 

instrudiorts for use of the fonnylation contajnrng DitflXAA tpiWr with said oria or 
more separate fonnulations. 

T-he kit according to any of claims 67 or 68. wherein the one or more separate 
formulations of component (b) are a fohnul^tidifi containing paelrtexel, and, sep^rateliy,, a 
fomtulation containing carboplatin. 

20 70. The kit according to any of claims 67 or 68, wherein the ;Qne or more separate 
fdTtnula«dns of component (b) is a fo 

71. The kit according to any one of claims 67, 685 or 70, whe,(B!ft^a6h of th&T^^^^^^ 
of components (a).and (b) are adapted for intravenous adminiiltratlom 

25 

72. A phamiaceutical formulation , comprising: 

(a) a crystalline DUXAA sodium salt infonn of an anhydrate or,S solvatej and 

(b) one or more further pharmaceutically active compounds selected from taxanes, platins. 
cyclophosphamide, vinca alkaloids, antimetabolites, topoisomerase II Inhibitors, 

30 anthracyclines, tumour necrosis factor (TNF) stimulating sompounds, immunomodulatory 
compounds, non steroidal anti-inflammatory drugs (NSAIDs), EGFR signalling pathway 
inhibitors and VEGF binders. 



68, 
(b) 

10 

(0) 

i5 

69. 



73. A;pbarmaceutic0fdnnuIaf|o^ 
m mn m4W^^ Bmm.^^M:^^^^^'^^^^^^^^ ofclaims 'J to: 37j and 
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(b) one or more further ph^aceutically active compounds selected from taxanes, platins, 
Gyclophosphamlde, vinca; alKaldids, antimetabolites, topoisomerase li: inhibitors, 
anthracyclirtes, tuiriour nectesJs factor (TNF) stimulating compounds,, immunomodulatory 
compounds; non steroidal antHnflammatoty drags .(NSAIDs)., EeFR signalling pathway 
5 inhibitors and VEQF bf nderS; 
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